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Preface 



The Japanese population is aging faster than any other in the world. The per- 
centage of Japan’s population aged 65 and above was only 7.1% in 1970, but just 
30 years later, in 2000, it reached 17.2%. A declining birth rate and a rising 
average life expectancy will continue to push this trend further. This situation is 
causing serious problems for Japanese society. Structural reforms, especially tax 
and social security reforms, to accommodate this drastic demographic change 
have become an urgent policy issue. 

The purpose of this book is to establish guidelines for tax and social security 
reforms in Japan in terms that are both efficient and equitable. In this study, 
an extended life-cycle general equilibrium model is employed to rigorously 
take account of the rapidly aging Japanese population. The simulation approach 
adopted in our analysis permits us to calculate the effects of alternative policy 
packages on capital accumulation and economic welfare. This enables us to make 
proposals for concrete economic policies. 

This book addresses a current hot issue in Japan. We investigate how tax 
and public pension systems should be reformed in an aging Japan. The general 
government tax revenue currently covers one third of the flat part (i.e., the 
basic pension) of the public pension benefit, instead of the contributions to the 
public pension program. We explore whether the ratio of one third should 
be raised, and what tax base (i.e., labor income, interest income, or consumption) 
is optimum in terms of efficiency and equity if it is desirable that the general tax 
covers a greater part of public pension benefit. We also evaluate whether the tax 
rate on consumption should be raised to cover a lack of tax revenue, and compare 
other tax regimes in terms of efficiency and equity. 

Moreover, we consider the issue of progressive expenditure (or consumption) 
taxation. Few studies have dealt with this new type of tax regime to evaluate the 
effects of structural tax reforms. Because there are only a few studies on pro- 
gressive expenditure taxation, the research here has some merit as a pioneering 
work. Our simulation results suggest, quantitatively, that a shift to progressive 
expenditure taxation can overcome the large welfare loss that would occur under 
the current tax system as Japan ages. 
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1. Introduction 



Aging of the Japanese population is currently progressing at a rapid rate, and will 
continue at a speed that no other developed nation has experienced before. 
Figure 1.1 presents the transition of the ratio of people aged 65 and above to the 
total population for five advanced countries. The percentage of Japan’s popula- 
tion aged 65 and above has increased by 8.2% during the 30 years from 1965 to 
1995. This proportion is expected to increase further by another 14.2% during 
the next 30 years from 1995 to 2025: this increase in elderly population is of a 
drastic nature that no other population in the world has ever experienced. 

This situation is causing serious problems in Japanese society. Under the 
current system, the aging population is placing an increasingly heavy burden of 
inflating pension and medical care expenses on a shrinking working population. 
For instance, because the current Japanese public pension program is operated 
in a manner that is similar to a pay-as-you-go scheme, the declining percentage 
of the working population will have a harmful effect on economic welfare. Hence, 
structural reforms, especially tax reforms, to accommodate this drastic demo- 
graphic change, have become an urgent policy issue. 

The purpose of this book is to establish guidelines for structural tax reforms 
in Japan, a society with an aging population. This book evaluates the alternative 
tax regimes in terms of efficiency and equity to explore an optimum tax scheme. 
Any persuasive analysis on this subject should include the general equilibrium 
effects of policy choices on endogenous economic variables such as interest rates, 
wages, and savings. In particular, the proper choice of tax bases is a significant 
question, because this choice has important implications for the course of savings 
and economic growth, the level of economic efficiency, and the distribution of 
welfare across generations. 



1.1 The Applicability of the Life-Cycle Hypothesis of Saving 
to Japan 

We perform an analysis based on a life-cycle model. The crucial points are whether 
this model is applicable to Japan, and whether it can successfully explain its society. 
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Fig. 1.1. Transition of the proportion of elderly population for five advanced countries. 
Figures for Japan obtained from “National Census” and “Japanese Future Demo- 
graphic Projections” (National Institute of Population and Social Security 
Research, January 2002). Figures for other nations from “World Population 
Prospects: The 2002 Revision” (United Nations). Source: Current Japanese Fiscal 
Conditions and Issues to be Considered, The Ministry of Finance (2004) 

For example, Horioka et al. (2000) suggest two empirical results. One is that 
bequest motives in Japan are weak on an absolute scale, and are also relatively 
weaker than those in the United States. The majority of bequests in Japan consist 
of unintended bequests and strategic bequest motives. The former are caused by 
uncertainty regarding the length of life — our analysis will focus on this bequest 
motive. The latter signify that parents use their wealth (which changes into 
bequests when they die) as a means of urging their children to look after them.^ 

‘ Bernheim et al. (1985) addressed strategic bequest motives. 
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The other is that many of the aged in Japan finance their living expenses by 
dissaving, and both parents and children are inclined to take selfish actions. These 
empirical results indicate that the applicability of a life-cycle model to Japan is 
fairly high, and even higher than that in the United States. Hence, the findings 
of Horioka et al. (2000) are likely to support the fact that our study, based on a 
life-cycle model, provides a reasonably good description of the actual Japanese 
situation. 

The life-cycle hypothesis of saving suggests that as the population ages, the 
aggregate household saving rate decreases, because of a decrease in the ratio of 
younger households in their accumulation phase to older households in their dis- 
saving phase. Thus, when discussing the applicability of the life-cycle hypothesis 
to Japan, it may be useful to point out the fact that the aggregate household 
saving rate tends to gradually decrease in Japan. 

Figure 1.2 presents the transition of the aggregate household saving rate from 
1985 to 2001 for four advanced countries. The aggregate household saving rate 
in Japan shows a tendency to decrease as the population ages (see Fig. 1.1). This 
rate dropped further to 6.2% in 2002, the lowest value in the past. Certainly, this 
decline may come, in part, from the prolonged recession during the 1990s. 



(%) 




Fig. 1.2. Transition of the aggregate household saving rate for four advanced countries. 

Figures for Japan obtained from Annual Report on National Accounts (Economic 
and Social Research Institute, Cabinet Office, Government of Japan). Figures 
for other nations from OECD Economic Outlook No.73. Source: http://www5. 
cao.go.jp/keizai3/2003/1120getsurei/image5.pdf. Cabinet Office, Japan (2003) 
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Fig. 1.3. Transition of the ratio of the aged households without occupations and of their 
saving rate. Figures from Annual Report on the Family Income and Expenditure 
Survey: Income and Expenditure (Two-or-more-person Households), Statistics 
Bureau, Ministry of Public Management, Home Affairs, Posts and Telecommunica- 
tions, Japan. Source: http://www5.cao.go.jp/keizai3/2003/1120getsurei/image5.pdf. 
Cabinet Office, Japan (2003) 



However, this decline can also be partly explained by the life-cycle hypothesis of 
saving. Figure 1.3 shows the transition of the ratio of the households aged 65 and 
above without occupations to the total households from 1995 to 2002, and of their 
saving rate in Japan. The proportion of these elderly households continues 
to increase, and it reached 22% in 2002. Their saving rate has a tendency to 
diminish, and it dropped to -26% in 2002. 

Figure 1.1 suggests that the aging of the Japanese population will progress 
rapidly in the coming decades. The saving rate in Japan will reduce further, and 
thus Japan may suffer seriously from a lack of savings in the future. The tax policy 
to promote capital accumulation will become more and more necessary in an 
aging Japan. 



1.2 A Life-Cycle General Equilibrium Simulation Model 

In this book, the life-cycle general equilibrium simulation model developed by 
Auerbach and Kotlikoff (1983a) is used to take account of the rapidly aging 
Japanese population. This is because the model is suitable as a basic theoretical 
framework to examine the impact of demographic changes on various social and 
economic variables. The work of Auerbach and Kotlikoff (1987) was published 
to share this new perspective on the macroeconomic effects of fiscal policies. They 
have continued to improve the simulation model, and Altig et al. (2001) under- 
took an analysis with the latest, large-scale, dynamic model. Several Japanese 
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researchers have also employed the macro model. Homma et al. (1987a) were 
the first to make an analysis using this model. Iwamoto (1990) incorporated 
uncertainty regarding the length of individual life and unintended bequests, con- 
sistent with its uncertainty, into a life-cycle general equilibrium model. 

The life-cycle growth model employed in this book is grounded in the micro- 
economics of intertemporal choice, and the macroeconomics of savings and 
growth. The simulation model has three features. First, aggregate assets of the 
economy in each period consist of the assets of different generations that maxi- 
mize their lifetime utility. This allows us to rigorously analyze changes in the 
supply of assets caused by demographic changes. Second, assets in the capital 
market, where aggregate assets appear as real capital, affect the production level. 
Third, it is possible to estimate realistic consumption-savings profiles for the 
elderly, by incorporating life-length uncertainty and unintended bequests into the 
model. 

1.3 Modeling Demographics: Comparison of Two 
Steady States 

The main contribution of this book is to take account of the effects of the rapid 
aging of Japan’s population on its economy. Figure 1.4 presents the Japanese 
population pyramids for the year 2000 and for 2025, and was obtained from the 
Population Projection for Japan 2001-2100, The National Institute of Population 
and Social Security Research (2002). Figure 1.4 suggests that the age composi- 
tion of Japan’s population differs substantially between the current steady state 
in 2000 and the aged steady state in 2025. 

The percentage of Japan’s population aged 65 and above will continue to 
increase, and the trend of an aging population will be further enhanced with a 
declining birth rate and a rising average life expectancy. In comparison with the 
year 2000, the population aged above 65 would increase drastically by 2025. This 
indicates that the extension of average life expectancy would occur mostly from 
the above 65 age group. Therefore, we will present the simulation results and their 
interpretation, while keeping in mind such differences in the population pyramid. 
In most of the following chapters, the macroeconomic and welfare effects of alter- 
native tax policies will be evaluated in each of the two steady states, one with the 
current Japanese age structure and the other with the age structure projected for 
2025. 

1.4 Intragenerational Equity 

A life-cycle general equilibrium simulation model is suitable as a basic theoret- 
ical framework to examine the impact of demographic changes on various eco- 
nomic and social variables. Therefore, there have been many studies that employ 
this kind of model, such as Auerbach and Kotlikoff (1987), Homma et al. (1987a), 
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Fig. 1.4. Population pyramids for years 2000 and 2025. Source: Population Projections 
for Japan 2001-2100, The National Institute of Population and Social Security 
Research (2002) 
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Iwamoto et al. (1993), Kato (1998), and Altig et al. (2001). However, nearly all 
of these studies only evaluated efficiency issues such as the effects of an aging 
population on production and consumption, and thus on economic growth. These 
studies ignored the problem of intragenerational equity, namely the redistribu- 
tion of resources among households that belong to the same cohort. These studies 
specify the behavior of a single representative individual, making it impossible 
to deal with intragenerational income redistribution.^ 

When handling tax reforms, it is vital to investigate not only efficiency but also 
equity. Differences in the ability of labor supply within each cohort should be 
incorporated into a life-cycle general equilibrium model. This book incorporates 
diversity by assuming that each cohort has representative individuals with equal 
tastes but unequal labor endowments. This enables us to deal with the problem 
of intragenerational equity as well. Hence, our study should present compre- 
hensive and useful guidelines for tax reforms. Chapters 3-5 incorporate three 
representative households in each cohort, and Chap. 6 incorporates 275 repre- 
sentative households. Moreover, Chaps. 7 and 8 incorporate a large number of 
households approximated by continuous distribution. 



1.5 Quantitative Analysis 

This book adopts a simulation approach to investigate the issues mentioned 
above. Simulation analysis has the following merits: by a qualitative analysis, 
we can study whether equilibrium exists, and in which direction the changes in 
economic policies will lead this equilibrium. However, the analysis fails to give 
numerical rates and quantities in equilibrium. A quantitative analysis provides 
the degree (or percentage) by which different policies cause a change in the rates 
and quantities. Therefore, we implement a numerical simulation analysis that can 
give us a practical tool for tax policies. 

The method of simulation employed in our analysis represents the economy 
as a general equilibrium system. We evaluate alternative economic policies, by 
comparing the equilibrium solutions that are calculated under given and coun- 
terfactual conditions. This method permits us to numerically calculate various 
economic variables and to recognize concrete policy implications. It is especially 
useful when examining policy packages, or when there are multiple policies that 
work in a differing direction. 



^To handle intragenerational income redistribution, Auerbach and Kotlikoff (1983a) 
considered a model in which each cohort has three representative individuals, 
corresponding to three income classes: poor, median, and wealthy. Fullerton and Rogers 
(1993) and Altig et al. (2001) dealt with differences of lifetime earnings ability by incor- 
porating 12 lifetime-income groups into a life-cycle model. Miyazato and Kaneko (2001) 
also addressed the problem of intragenerational inequality and undertook an analysis on 
the public pension reform. 
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1.6 Progressive Expenditure Taxation 

We will take account of progressive expenditure (or consumption) taxation. Few 
studies have dealt with this new type of tax regime to evaluate the effects of struc- 
tural tax reforms. Because there are only a few studies on progressive expendi- 
ture taxation, our study has some merit as a pioneering work. There are two types 
of progressive consumption taxes: expenditure tax and sales tax. The former 
definition is used in this book. Progressive expenditure taxation, a direct tax that 
is levied on consumers, is discussed in Chaps. 3-6, and in Chap. 8. 



1.7 Organization of This Book 

Eight chapters follow this introduction. Chapter 2 presents a detailed description 
of the life-cycle general equilibrium simulation model employed throughout this 
book, and provides a technical discussion of the algorithm used to find the equi- 
librium of the simulation model. Chapter 2 addresses the problem of choosing 
among three tax bases, namely, labor income, interest income, and consumption, 
in terms of efficiency. Chapter 2 also investigates the effects of an interest income 
tax on household behavior and capital formation. 

The life-cycle general equilibrium simulation model in Chap. 2 incorporates a 
single representative household. Thus, Chap. 2 fails to address the problem 
of intragenerational redistribution. In Chap. 3, we incorporate three representa- 
tive households with unequal incomes into the simulation model. This enables 
us to take account of within-cohort inequality. Progressive labor income taxation 
and progressive expenditure taxation are discussed in Chap. 3, and the method 
of modeling progressive taxation is explained. Chapter 3 also demonstrates 
how progressive taxes affect intragenerational redistribution as well as capital 
formation. Thus, it compares these tax regimes in terms of efficiency and 
equity. 

Chapter 4 investigates the effects of tax reform, from progressive labor income 
taxation to progressive expenditure taxation. The simulation model used in Chap. 
4 is fundamentally the same as that in Chap. 3. Chapter 4 concentrates on the 
study of progressive expenditure taxation, and examines its effect on capital 
accumulation and intragenerational income redistribution. Moreover, a concrete 
method for the implementation of this new type of tax regime is discussed in 
Chap. 4. 

Chapter 5 incorporates an inheritance tax into the simulation model employed 
in Chaps. 3 and 4. An inheritance tax adopted here is assumed to arise from the 
unintended bequests consistent with uncertainty regarding the length of individ- 
ual life. The problem of choosing a tax base is discussed once again in Chap. 5. 
In addition to the three taxes mentioned in Chap. 3, Chap. 5 includes an inheri- 
tance tax, and thus examines the effect of the four tax regimes on capital for- 
mation. Chapter 5 also seeks an optimum combination of tax schemes, when 
progressive expenditure taxation is regarded as the nucleus tax. 
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The purpose of Chap. 6 is to establish guidelines for structural reforms of tax 
and social security systems in an aging Japan. Chapter 6 introduces the basic 
pension into the public pension system in the simulation model employed in the 
earlier chapters. The empirical aspect is intensified in Chap. 6; most of the param- 
eter values are calibrated based on the data prepared by the Japan Cooperative 
Association. Chapter 6 incorporates 275 representative households with unequal 
incomes, which are estimated using this data. 

Chapters 3-6 incorporate plural representative households with unequal 
incomes in each cohort, and address the problem of intragenerational redistrib- 
ution. However, the changes in the variance of lifetime income distribution are 
not strictly dealt with. Chapter 7 introduces numerous representative households 
with continuous income distribution into each cohort. This permits us to rigor- 
ously analyze changes in variance. When the logarithm of labor income follows 
a normal distribution, a simulation can easily handle the diverse abilities of labor 
supply. Thus, Chap. 7 examines the general equilibrium effects of changes in the 
variance of income distribution on capital accumulation and social welfare. 

Chapter 8 takes account of within-cohort inequality that increases in a transi- 
tion to an aging society. The simulation model employed in Chap. 8 is basically 
the same as that in Chap. 7. Chapter 8 demonstrates the general equilibrium 
effects of an increasing variance in the lifetime income distribution with an aging 
Japanese population. Chapter 8 also studies the macroeconomic and welfare 
effects of introducing progressive expenditure taxation in this situation. 

Finally, Chap. 9 summarizes and concludes this book. It provides a summary 
of the whole book, and individual summaries for the findings and conclusions in 
Chaps. 2-8. Chapter 9 also presents the reservations in our simulation analysis 
and the challenging tasks for future research. 




2. Taxation of Interest Income in an 
Aging Japan: Simulation Analysis 
Using a Life-Cycle General 
Equilibrium Model* 



This chapter presents a detailed description of the life-cycle general equilibrium 
simulation model employed throughout this book, and provides a technical dis- 
cussion of the algorithm used to find the equilibrium of the simulation model. 
This chapter addresses the problem of choosing among three tax bases, namely, 
labor income, interest income, and consumption, in terms of efficiency. It also 
investigates the effects of an interest income tax on household behavior and 
capital formation. 



2.1 Introduction 

There has been increasing discussion recently about structural tax reforms in an 
aging Japan. This chapter evaluates three alternative tax bases, namely, labor 
income, interest income, and consumption, in terms of efficiency. The chapter 
especially focuses on the distortion of an interest income tax that affects inter- 
temporal consumption behavior. The impacts of different policies of an interest 
income tax on savings, capital stock, or economic welfare are analyzed using a 
life-cycle general equilibrium simulation model. This chapter has two purposes: 
one is to investigate the distortions of an interest income tax in a quantitative 
way; the other is to explore an optimum tax system in an aging Japan in terms 
of efficiency. 

This chapter has two themes. One is that it introduces uncertainty regarding 
the length of life and unintended bequests consistent with its uncertainty, into a 



*This chapter is based on published material, Okamoto (1996). An earlier version of this 
chapter was presented at the 1995 Meeting of the Japan Association of Economics and 
Econometrics (Seibu-bukai) at Fukuoka University. The author is grateful for insightful 
comments and suggestions by Professors Toshiaki Tachibanaki, Kazuo Yoshida, and 
Masahiro Hidaka, and from the seminar participants. The author acknowledges the finan- 
cial support from Research Fellowships of the Japan Society for the Promotion of 
Science for Young Scientists. 
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simple life-cycle general equilibrium model.^ To implement a simulation analysis 
as close as possible to the real world, data on survival probabilities used for life- 
length uncertainty were obtained from the Population Projections for Japan 
1991-2090, a 1992 publication by the Institute of Population Problems of the Min- 
istry of Health and Welfare. The second theme is that most earlier studies defined 
a labor income tax and an interest income tax by the same single parameter as 
an income tax in the model.^ This chapter explicitly separates income tax into 
two distinct forms: a labor income tax and an interest income tax. This separa- 
tion allows us to investigate the effects of an interest income tax. 

Most previous studies of taxation on interest income in Japan have been 
limited to a partial equilibrium analysis (e.g., Ihori 1994). To comprehensively 
analyze the influences of an interest income tax, it is necessary to undertake a 
general equilibrium analysis. In the framework of a partial equilibrium analysis, 
for instance, a rise in the tax rate on interest income simply diminishes real 
income through the income effect. A general equilibrium analysis, however, pro- 
vides a wider perspective: under revenue neutrality, an increase in the tax revenue 
from interest income would lower tax rates on other tax bases such as labor 
income or consumption. The extension to a general equilibrium analysis enables 
us to examine this comprehensive impact. 

The current Japanese income tax system is, in principle, based on consolidated 
taxation. However, taxation at source and separate taxation are, in reality, wide- 
spread in Japan. For example, interest income is separately taxed at 20%. In the 
sense that an interest income tax is completely separated from a labor income 
tax, our model assumes a separate tax system. Because this chapter isolates the 
effect of an interest income tax, it is feasible to compare consolidated taxation 
and separate taxation. 

This chapter is organized as follows: Sect. 2.2 identifies the basic model 
employed in simulation analysis. Section 2.3 explains the method of simulation 
analysis and the assumptions adopted. Section 2.4 evaluates the simulation find- 
ings. Section 2.5 summarizes and concludes the chapter. 



2.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1992. The model has 80 different overlapping generations. Three 



' In a model without uncertainty regarding the length of life, the age profile of consump- 
tion is linear and has an upward slope. With the introduction of life-length uncertainty, 
as considered in our model, the profile is no longer linear (see Figs. 2. 1-2.4 for age pro- 
files of consumption). The level of consumption at the final stages of old age is low, 
because the weight on consumption diminishes. Because such consumption-savings 
behavior is realistic, economic values such as aggregate consumption or the capital stock 
can also be realistic in our simulation. 

^Kato (1998) explicitly separated a labor income tax and an interest income tax. 
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types of agents are considered: households, firms, and the government. Their basic 
structures are explained in order, and market equilibrium conditions are finally 
presented. 

2.2.1 Household Behavior 

We assume that a single representative household in a cohort appears in the 
economy as a decision-making unit at the age of 21 and lives to a maximum of 
100. A household faces an age-dependent probability of death. Let ^y+ny be the 
conditional probability that a household of age j + 20 lives to j + 21. TTien the 
probability of a household of age 21 surviving until s + 20 can be expressed by 

5-1 

Ps l^y+i|; * (^*1) 

7=1 

The probability ^y+ny is calculated from data estimated in 1992 by the Institute of 
Population Problems of the Ministry of Health and Welfare. 

The utility of a household depends only on the level of consumption. There is 
no choice between leisure and labor supply. A household works from age 21 to 
RE + 20, the retirement age. The labor supply is inelastic before retirement and 
zero after retirement.^ A household that maximizes expected lifetime utility 
makes lifetime decisions at age 21 concerning the allocation of wealth between 
consumption and savings. The utility function of a household, the form of which 
is assumed to be time separable, is 

U=^f^Ps{l + Sf'~^\Csf~r, (2.2) 

7 

where Q represents consumption (or expenditure) at age 5 -h 20, 5 the adjust- 
ment coefficient for discounting the future,"^ and 7 the intertemporal elasticity of 
substitution between consumption in different years. 

The flow budget constraint equation for a household at age 5 20 is 

v4,+i = {1 + r(l - T, )} A, + (1 - - Tp )we, + bs+as -(1 + T, )C, , (2.3) 



^ An elastic labor supply can be assumed by incorporating leisure into the utility function 
in addition to consumption, such as in Auerbach and Kotlikoff (1987) and Altig et al. 
(2001). Several recent investigations, however, showed that labor supply is fairly inelas- 
tic for the after-tax wage rate in Japan. For instance, Asano and Fukushima (1994) 
reported that the estimated value of compensated elasticity of labor supply is 0.27. It 
should be noted that their study estimated only the size of the substitution effect. If the 
income effect were also estimated, a still smaller elasticity of labor supply for the after- 
tax wage rate would be obtained in Japan. 

"^The subjective discount rate at age 5-1-20 can be calculated by considering each survival 
probability, p^, in addition to a constant adjustment coefficient, S. It is verified that the 
subjective discount rates have positive values. 
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where As represents the amount of assets held by a household at the beginning 
of age ^ + 20,^ r the interest rate, w the wage rate per efficiency unit of labor, and 
6s the age profile of earnings ability for a household.^ bs is the amount of public 
pension benefit, and as is the amount of bequest to be inherited at age ^ + 20. 
is the tax rate on labor income, that on consumption, Tr that on interest income, 
and Tp is the contribution rate to the public pension program. 

The tax system consists of labor income, interest income, and consumption 
taxes. They all have proportional tax rates. Variables related to the public pension 
program in a pay-as-you-go system are represented by 



(bs=0H (s>ST) 
U, =0 (s<ST)' 



(2.4) 



where the age at which each household starts to receive public pension benefits 



/ 1 \ 

is 5T+ 20, the average annual remuneration is H\ I and the replace- 

V RE J 



ment ratio is 0. Thus bs reflects the age profile of labor income. 

There are unintended bequests caused by uncertainty regarding the length of 
life.^ The bequests, which were held as assets by deceased households, are handed 
to surviving 50-year-old households.^ Therefore, Us is positive if and only if ^ = 30, 



^ We assume that there exists a borrowing market, and thus that As can have a negative 
value. When households are borrowing (i.e., when A, is negative), it is assumed that the 
government helps them financially with the rate Zr- On the other hand, Iwamoto (1990) 
or Kato (1998) imposed a liquidity constraint (As(x) > 0) so that households do not have 
negative assets. 

^With regard to the estimation of the age profile of earnings ability, e,, we employ the 
parameter values in Homma et al. (1987a): 

Q = Uo + a\N + tt2N^ + a^K + 

where Q denotes average monthly cash earnings, N age, and K the length of one’s service 
for men workers. Table 2.1 presents their results of estimation using data from the Basic 
Survey on Wage Structure 1984 by the Ministry of Labor. 

Table 2.1. Estimation of the age profile of earnings ability 





a\ 


«2 




«4 


-0.1537 


0.05539 


-0.0007595 


0.1045 


-0.001901 


(-0.5363) 


(2.865) 


(-4.019) 


(4.823) 


(-3.243) 



S.E.= 0.02003 
= 0.991 



^Auerbach et al. (1989) and Iwamoto et al. (1993) introduced intended bequests into their 
model. In those studies, bequests arise from the “joy of giving.” 

^ There are two methods to deal with uncertainty regarding the length of life. One method 
is to consider unintended bequests and to transfer them between different generations, 
which is adopted in this book. The other method is to take account of annuity markets 
as considered in Iwamoto et al. (1993). In that study, there is a private pension market 
consistent with life-length uncertainty. 
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and otherwise is zero.^ When BQt is the sum of bequests inherited by 50-year-old 
households at period t, is defined by 



^30 — 



BQ, 

MP3o(1 + «) 



(2.5) 



where 






Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. In the 
steady state of the life-cycle growth model, the amount of inheritance received 
is linked to the age profile of assets chosen by individuals. 

Let us consider the case in which each household maximizes its lifetime utility 
under a constraint. Each household maximizes Eq. 2.2 subject to Eq. 2.3 (see 
Appendix 2. A). From the utility maximization problem, the equation expressing 
evolution of consumption over time for each household is characterized by 



C 



5+1 



Ps^\ 

Ps 



1 + rjl-Tr) 
1 + 8 






C, 



( 2 . 6 ) 



If the initial consumption level, Ci, is specified, optimal consumption behavior of 
all ages can be derived from Eq. 2.6. The amount of assets held by a household 
at each age can be obtained from Eq. 2.3. The expected lifetime utility of a house- 
hold is derived from Eq. 2.2.^^ 

When comparing steady states, it is not necessary to take account of the utili- 
ties of all overlapping generations existing at period t. A comparison of the life- 
time utility of a single cohort is sufficient, because our purpose is to compare the 
welfare level among simulation cases with alternative tax regimes. 



2.2.2 Firm Behavior 

The model has a single production sector that is assumed to behave competi- 
tively using capital and labor, subject to a constant-returns-to-scale production 
function. Capital is homogeneous and nondepreciating, while labor differs only 
in its efficiency. All forms of labor are perfect substitutes. Households of differ- 



^Our setting of a bequest motive is the same as that considered in Iwamoto (1990). Atoda 
and Kato (1993) investigated the influences of the timing when this bequest is inherited. 

^°The rate of n in our model is a gross size rate. It signifies the simple ratio of the 
size between a cohort and the successive cohort, without taking account of survival 
probabilities, ps. 

^^The utility function represented by Eq. 2.2 has negative values, and smaller absolute 
values indicate higher levels of utility. As consumption and utility level increase, a numer- 
ical value of utility approaches the upper limit, zero, and the corresponding size of a 
numerical increase becomes smaller. 
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ent ages, however, supply different amounts of some standard measure per unit 
of labor input. 

The production function is assumed to be of the constant elasticity of substi- 
tution form: 



Z=B\ 



eKt "" +(l-e)L, 



i-i 



(2.7) 



where Yt represents the total output, Kt the total capital, the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and cr the elasticity of substitution 
between Kt and Lf. Using the property subject to a constant-returns-to-scale pro- 
duction function, we can obtain the following equation: 

Yt=rKt+wLt. (2.8) 



2.2.5 Government Behavior 

The government sector consists of a narrower government sector and a pension 
sector. The narrower government sector collects taxes and spends them on 
general governmental expenditure. There is no outstanding debt, and thus 
balanced budget policies are assumed. The budget constraint of the narrower 
government sector at time t is given by 

Gt=Tt. (2.9) 

where Gt is government spending on goods and services in year t, and Tt is 
the total tax revenue from labor income, interest income, and consumption. The 
public pension system is assumed to be a simple pay-as-you-go schedule. The 
budget constraint of the pension sector at time t is given by 

Rt=Bt, ( 2 . 10 ) 

where Rj is the total contribution to pension program, and Bt is the total pension 
benefit to generations of age 5T + 20 and above. 

Both of these sectors are financed independently and separately. In other 
words, no transfer is made between the sectors.^^ G^, Rt, and B, are defined by 

80 

Gt=NtJ^p,a + ny^^''^g, ( 2 . 11 ) 

Tt =T^wLt-\-TrrASt+TcACt, ( 2 . 12 ) 



‘^Chapter 6 incorporates the basic pension (i.e., the flat part) into the public pension 
program. In Chap. 6, the general tax revenue covers one third of the basic pension, along 
the lines of the current Japanese tax and public pension systems. 
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R,=XpwL,, (2.13) 

80 

( 2 - 14 ) 

s=ST 

where g is annual government expenditure for each cohort. Aggregate assets sup- 
plied by households, ASt, and aggregate consumption, ACt, are obtained by 

80 

+ A, (2.15) 

5'=l 

AC,=N,Yp,a + nf'~'^C,. (2.16) 



2.2.4 Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

1. Equilibrium condition for the capital market 

Because aggregate assets supplied by households are equal to real capital, we 
get 

ASt=K,. (2.17) 

2. Equilibrium condition for the labor market 

Measured in efficiency units, because aggregate labor demand by firms is equal 
to aggregate labor supply by households, we obtain 

RE 

( 2 . 18 ) 

S=1 

5. Equilibrium condition for the goods market 

Because aggregate production is equal to the sum of consumption, investment, 
and government expenditures, we get 

Y,^AC,+{K,,r-K,) + G,. (2.19) 

An iterative program is performed to determine the equilibrium values of the 
above equations. 



2.3 Simulation Analysis 
2.3.1 Method of Simulation 

In modeling demographics, the effects of demographic changes are taken into 
account by comparing two steady states; current and aged. The welfare and 
macroeconomic effects of alternative tax policies will be evaluated in each of two 
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Steady states, one with the current Japanese age structure and the other with the 
age structure projected for 2025. This chapter considers the steady state as it was 
in 1990, the current state, and the steady state as it will be in 2025, the aged state. 
Different survival probabilities (ps) and different growth rates of successive 
cohorts (n) create different age structures of the population between the two 
demographic regimes. 

Tax revenue neutrality is assumed to ascertain the clear effects of structural 
tax reforms. Our study holds that tax revenue is constant across all cases in the 
method that follows. The number of new households entering the economy, Nt, 
is adjusted to keep the same size of population between the current and aged 
steady states. The government expenditure per representative household, g, is 
exogenously given and constant. Thus, the total tax revenue, is exogenous and 
the same across all simulation cases. 

With regard to the tax system, the tax rates on labor income (Th,) and con- 
sumption (Tc) are exogenously given. Under tax revenue neutrality, the tax rate 
on interest income (r^) is made endogenous. With regard to the public pension 
system, the replacement ratio (0) is exogenously given, and hence, the contribu- 
tion rate (t^) is made endogenous under the pay-as-you-go scheme. 

2.3.2 Solution Method and Computation Process 

The simulation model presented in the previous section is solved under the 
hypothesis of perfect foresight by households. Households correctly anticipate 
the interest, wage, and tax rates. If tax and public pension systems are determined, 
the model can be solved using the Gauss-Seidel method. The outline of the com- 
putation process is as follows. 

Step 1 

The interest rate r^, the wage rate w^\ the bequest amount for a representative 
household the tax rate on consumption r?, and the contribution rate to the 
public pension scheme are chosen as initial values. 

Step 2 

A household that maximizes the lifetime utility determines the time paths of 
consumption and savings for an entire life cycle, by taking the previous 
values and the tax rates on labor income Ty^ and interest income as given. 

Step 3 

Aggregate capital is obtained by summing the assets of all overlapping gen- 
erations existing at a given period. Then, the production equilibrium conditions, 
which are led by Eq. 2.7, bring about a new interest rate and a new wage rate 
wK The sum of bequests BQ^ is derived from the time path of assets which 
generates a new amount of bequest a^. 
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To balance the account of the narrower government sector, the tax rate on con- 
sumption changes to t].. In a similar way to the balance of the account of the 
public pension sector, the contribution rate changes to 4- 

Step 4 

Using a^, tl, and as new initial values, we return to Step 1. This method 
is iterated until stable variables (or equilibrium) are obtained. 

2.3.3 Simulation Cases 

Let us explain simulation cases. First, we investigate the impacts of different 
policies of an interest income tax in the 1990 current steady state (the bench- 
mark Case A). Next, we examine the effects of different financial methods to 
cover an increased tax burden, caused by the transition from the current state 
(Case A) to the aged state (Cases B, C, and D).^^ In Case B a labor income tax 
covers the extra tax burden, in Case C an interest income tax, and in Case D a 
consumption tax. Finally, in Case D, where the highest economic welfare is 
attained in the aged steady state, we evaluate the influences of different tax poli- 
cies on interest income and consider ten simulation cases: 

7. Case A 

The 1990 current steady state has the following property; the tax rate on labor 
income is set to 1%}^ Tax rates on interest income and consumption are set 
to 20% and 5%, respectively, which are the current Japanese rates. 

2. CaseA-1 

In Case A, the tax rate on interest income is lowered to 0%. A labor income 
tax covers the loss of tax revenue. The tax rate on consumption remains 
unchanged. 

3. Case A-2 

In Case A, the tax rate on interest income is raised to 40%. The tax rate on 
labor income is lowered under revenue neutrality. The tax rate on consump- 
tion remains unchanged. 

4. CaseA-3 

In Case A, the tax rate on interest income is lowered to 0%. A consumption 
tax covers the loss of tax revenue. The tax rate on labor income remains 
unchanged. 



In an aging society, Japan faces a decline in the proportion of the working population, 
with a subsequent decrease in aggregate output; hence, it raises the ratio of the total tax 
revenue to aggregate output, which represents a substantial increase in tax burden in an 
aged steady state. 

^"^The average tax rate on income (i.e., the ratio of the tax revenue from individual income 
to GDP) was 8.4% in Japan in 1990. Considering the fact that this figure includes the 
tax revenue from interest income, the tax rate on labor income is set to 7% in this 
chapter. As reference, in Kato (1998), the tax rate on labor income is set to 6.5%. 
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5. Case A-4 

In Case A, the tax rate on interest income is raised to 40%. The tax rate on 
consumption is lowered under revenue neutrality. The tax rate on labor 
income remains unchanged. 

6. Case B 

In the aged steady state of 2025, a labor income tax covers the tax burden 
that increases in a transition to an aging society. Tax rates on interest income 
and consumption remain the same as in Case A. 

7. Case C 

In the aged steady state of 2025, an interest income tax covers the tax burden 
that increases with an aging society. Tax rates on labor income and con- 
sumption remain the same as in Case A. 

8. Case D 

In the aged steady state of 2025, a consumption tax covers the tax burden 
that increases with an aging society. Tax rates on labor income and interest 
income remain the same as in Case A. 

9. Case D-1 

In Case D, the tax rate on interest income is lowered to 0%. A consumption 
tax covers the loss of tax revenue. The tax rate on labor income remains 
unchanged. 

10. Case D-2 

In Case D, the tax rate on interest income is raised to 40%. The tax rate on 
labor income is lowered under revenue neutrality. The tax rate on consump- 
tion remains unchanged. 

When the tax rate on interest income is lowered (Cases A-1, A-3, and D-1), it 
is set to 0%. This setting takes into account the discussion of an abolition of an 
interest income tax. When the tax rate on interest income is raised (Cases A-2, 
A-4, and D-2), it is set to 40% for reasons of symmetry. If the tax rate on inter- 
est income is changed. Cases A-1, A-2, and D-2 adjust the tax rate on labor 
income to maintain revenue neutrality, and Cases A-3, A-4, and D-1 adjust the 
tax rate on consumption. 



2.3.4 Parameterization of the Simulation Model 

This chapter examines the implications of several tax policies for an aging Japan- 
ese economy. We choose realistic parameter values, which are assigned making 
reference to earlier research, for example, Homma et al. (1987b) in which the 
values are estimated using Japanese data (see Table 2.2 for the parameter values 
employed in simulation analysis). Thus, economic variables, such as the ratios of 
capital to income (K/Y) and capital to labor (K/L), are close to actual values of 
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Table 2.2. Parameter values used in simulation analysis 



Parameter 


Parameter values 


Adjustment coefficient for discounting the future 


5= -0.025 


Intertemporal elasticity of substitution 


(N 

O 

II 


Elasticity of substitution in production 


(7=0.6 


Weight parameter in production 


£=0.2 


Scale parameter in production 


B = 0.942 


Government expenditure per generation 


g = 0.254 


Retirement age 


RE = 40 


Replacement ratio 


0=0.65 


Starting age for receiving public pension benefits 


ST =65 



1990. In Case A (benchmark), the interest rate is adjusted to 4.0% and the wage 
rate to approximately unity (0.989). 

Next, we describe the setting of parameter values on the modeling of demo- 
graphics. Survival probabilities (ps) are calculated from the Population Projec- 
tions for Japan 1991-2090. Our model makes no sex distinction, and thus this 
study uses the male-female average values for 1990 and 2025. The common 
growth rates of successive cohorts {n) are set to 0.01 in the current and to zero 
in the aged states. Based on the above data, the ratio of aged population (65 or 
above) to the total population (21 or above) in 2025 is 0.328: it is 0.299 in our 
simulation. This indicates that the population structure in our simulation is fairly 
realistic. 

The assignment of parameter values on a public pension program is 
explained.^^ Atoda and Kato (1993) set the replacement ratio of pension pay- 
ments at 65% of an average annual remuneration. Kato (1998) sets the ratio at 
68%. In our simulation, the ratio is set to 65%.^^ The replacement ratio is an 
exogenous variable, and thus the contribution rate is endogenous. 



2.4 Simulation Results 

Before presenting the simulation results and the interpretation, we briefly survey 
earlier studies on the economic effects of an interest income tax and finally show 
the policy implications obtained by the simulation analysis. 



implemented additional simulation cases without a public pension system. As a 
result, the capital stock increases substantially. When there is no pension system, all 
expenses in old age must be covered only by private assets. Therefore, households accu- 
mulate more assets during their working period, resulting in a higher level of capital 
formation. 

^^The simulation with a 65% replacement ratio generates a 19.1% contribution rate in 
the current state, which is higher than the 1995 rate of 16.5% in employee pension plans 
{Kosei Nenkin). However, if we consider that this rate was raised to 17.35% in October 
1996, the contribution rate of 19.1 % should be acceptable. If we choose a replacement ratio 
of more than 65%, the contribution rate produced in the simulation would be too high. 
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First, a partial equilibrium analysis using a two-period model presents the fol- 
lowing view. If an interest income tax is introduced, we cannot theoretically deter- 
mine whether it decreases or increases savings: because substitution and income 
effects work in opposite directions, its effect on savings is unclear. The substitu- 
tion effect weakens the relative attraction of savings, and thus diminishes savings. 
On the other hand, the income effect increases savings, because a decrease in 
the real income reduces current consumption. Which effect is larger cannot be 
determined a priori. 

Next, according to the earlier studies that compared labor income and inter- 
est income taxes, we cannot theoretically determine which tax system between 
the two tax regimes is superior in terms of efficiency. Atkinson and Stiglitz (1976), 
however, suggest that under a specific assumption of individual preferences, 
i.e., the separability of goods and leisure, the absence of any taxation of interest 
income is theoretically preferable. 

Finally, an interest income tax has two properties. One is that because it 
reduces the after-tax discount rate, it increases the present value of lifetime 
income. A decrease in the discount rate enhances the present value of future 
labor income, and thus stimulates current consumption. This effect is called the 
“human capital effect,” first pointed out by Summers (1981). That study suggested 
that this intertemporal effect is fairly large. The other is that an interest income 
tax changes the relative price of intertemporal consumption. An interest income 
tax levies on interest arising from savings, which differ from common goods 
because assets are accumulated for future consumption. Hence, an interest 
income tax distorts the relative price between current consumption and future 
consumption. Because an interest income tax raises the relative price of future 
consumption, households that maximize their lifetime utility are likely to substi- 
tute current consumption for future consumption. 



2 . 4.7 Simulation Results and Their Interpretation 

1. The impacts of different policies of an interest income tax in the 
1990 current steady state 

The transition from Case A-1 to A-2 (tax rate on interest income: from 0% to 
40%) enables us to investigate the effects of an interest income tax, when a labor 
income tax is used for revenue adjustment (see Table 2.3). The capital-labor ratio 
(K/L) is reduced from 3.03 to 2.86. This result suggests that an interest income 
tax in a relative sense causes damage to capital formation. Figure 2.1 presents 
the age profiles of consumption in Cases A-1 and A-2. The slope of the profile in 
Case A-2 with a 40% interest income tax is gentler, which reflects the substitu- 
tion from future to current consumption. The discount rate in Eq. 2.6 determines 
the slope of the curve. The rate decreases from 1.039 to 1.026, which means a 
lower slope. 

The move from Case A-3 to A-4 (tax rate on interest income: from 0% to 40%) 
enables us to examine the effects of an interest income tax, when a consumption 
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Table 2.3. Empirical results from different policies of an interest income tax in the 
current steady state 



Case 


A 


A-1 


A-2 


A-3 


A-4 


Tax rate on labor income (r^) 


*0.07 


0.094 


0.046 


*0.07 


*0.07 


Tax rate on interest income (T;.) 


* 0.20 


*0 


*0.40 


*0 


*0.40 


Tax rate on consumption (Tc) 


0.050 


*0.05 


*0.05 


0.074 


0.024 


Capital-labor ratio (K/L) 


2.98 


3.03 


2.86 


3.21 


2.69 


Income-labor ratio (Y/L) 


1.11 


1.11 


1.10 


1.12 


1.10 


Capital-income ratio (K/Y) 


2.68 


2.73 


2.59 


2.87 


2.45 


Interest rate (/*) 


0.040 


0.039 


0.042 


0.035 


0.046 


Wage rate (iv) 


0.989 


0.993 


0.982 


1.003 


0.971 


Contribution rate (r^) 


0.191 


0.191 


0.191 


0.191 


0.191 


Amount of public pension benefits (h*) 


1.61 


1.61 


1.60 


1.63 


1.58 


Bequest amount (^ 30 ) 


4.33 


4.96 


3.64 


5.09 


3.48 


Utility level (U) 


-3.813 


-3.868 


-3.842 


-3.745 


-3.948 


Initial consumption level (Ci) 


1.26 


1.21 


1.30 


1.24 


1.27 


Discount rate {1 - 1 - r(l - r^)} 


1.032 


1.039 


1.026 


1.036 


1.028 


Lifetime income 


50.2 


42.0 


60.0 


46.9 


54.2 



Asterisks (*) before the rate indicate that the variable is exogenous 
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Age 



Fig. 2.1. Age profiles of consumption in Case A-1 (0% interest income tax) and Case A- 
2 (40% interest income tax) 



tax is employed for revenue adjustment. The K/L ratio diminishes substantially 
from 3.21 to 2.69. Although the qualitative influence on capital accumulation is 
the same as in the case where a labor income tax is used for the adjustment, the 
quantitative effect is much larger. An increase in the proportion of a consump- 
tion tax stimulates capital accumulation. This stimulation would increase aggre- 
gate production, resulting in a higher level of economic welfare. 

The great difference in the timing of taxation between a consumption tax and 
a labor income tax may explain why a consumption tax substantially promotes 
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capital formation. Taxation on consumption arises throughout an individual’s 
entire lifetime. On the other hand, the taxation on labor income is limited to the 
earlier stage, namely, the working period of an individual’s lifetime. The tax 
burden on labor income is concentrated in the working period, while that on con- 
sumption exists continuously, even after retirement. A consumption tax requires 
more assets to cover the tax burden after retirement. Even if the tax revenue is 
the same at a macro level, a labor income tax imposes a heavier present value 
on the lifetime tax burden. Because a labor income tax could bring a greater dis- 
tortion on household behavior, the level of an individual’s utility is lower under 
a labor income tax than under a consumption tax. In Case A-3, the absence of 
an interest income tax relatively enhances capital accumulation. Moreover, 
because a consumption tax is employed for the maintenance of revenue neu- 
trality, the tax rate on consumption is the highest among all the simulation cases. 
Therefore, Case A-3 attains the highest levels of capital formation and economic 
welfare among all cases. 

The influence of an interest income tax on the age profile of consumption is 
qualitatively the same as in the transition case from Case A-1 to A-2 (the revenue 
adjustment made by a labor income tax). Figure 2.2 suggests that during the tran- 
sition from Case A-3 to A-4, the slope of the profile becomes gentler. The dis- 
count rate that determines the slope decreases from 1.036 to 1.028. This decrease 
is smaller than that in the case above, where the adjustment is made by a labor 
income tax. This may be caused by differences in the time path of taxation during 
an individual life cycle between a labor income tax and a consumption tax. 

An interest income tax promotes the substitution from future to current con- 
sumption, and thus it mitigates the slope of the age profile of consumption. Our 
simulation results suggest, quantitatively, that an interest income tax substantially 
hinders capital accumulation. These results may depend on both the substitution 
effect and the total change of the discounted present value of lifetime income. 
In the framework of a partial equilibrium analysis, an interest income tax simply 

Consumption 




Fig. 2.2. Age profiles of consumption in Case A-3 (0% interest income tax) and Case 
A-4 (40% interest income tax) 
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reduces the real income by an “income effect.” However, if we adopt the dis- 
counted present value of lifetime income as a notion of income, then the “real 
income” may increase. It should be noted that the direction of changes between 
the discounted present value of lifetime income and the income effect is oppo- 
site. For example, in the transfer from Case A-1 to A-2, the tax rate on interest 
income rises from 0% to 40% (the revenue adjustment is made by a labor income 
tax). In this case, the discounted present value of lifetime income increases sub- 
stantially from 42.0 to 60.0. This result shows that the “human capital effect” first 
pointed out by Summers (1981) is substantial. 

There are two possible explanations for this simulation result. One is that 
under revenue neutrality, a decrease in the tax rate on labor income (from 9.4% 
to 4.6%) influences the real income defined by the discounted present value of 
lifetime income. In the framework of a partial equilibrium analysis, when the tax 
rate on interest income is raised, an income effect reduces the return from 
savings, resulting in a decrease in the real income. However, in the framework of 
a general equilibrium analysis, as in our analysis, additional factors such as a 
reduction in the tax rate on labor income increase the discounted present value 
of lifetime income. The other is the influence on the discount rate of the human 
capital effect. When the tax rate on interest income is raised, the discount rate 
decreases. For instance, in the transition from Case A-1 to A-2, the discount rate 
falls from 1.039 to 1.026. The change in the interest rate, r, is limited only from 
0.039 to 0.042. Therefore, a decrease in the discount rate depends on a rise in the 
tax rate on interest income (from 0 to 0.4). 

2. The impacts of different financial methods to cover the tax burden 
that increases in a transition to an aging society, and of different 
policies on an interest income tax in an aged steady state 

We first compare the cases in which a labor income tax, an interest income tax, 
or a consumption tax cover the tax burden that increases in a transition to an 
aging society (see Table 2.4). Case D, where a consumption tax covers the 
increased tax burden, attains the highest amount of capital stock (K/L of 2.78) 
and the highest level of utility of -7.510. It should be noted that although Case 
B (where a labor income tax covers the increased burden) obtains a higher 
amount of capital stock than Case C (where an interest income tax covers the 
increased burden), the utility level in Case B is lower: the K/L ratios are 2.63 and 
2.54, respectively, while the utility levels are -7.892 and -7.750, respectively. These 
results may be explained by the difference in the age profiles of consumption 
between Cases B and C (see Fig. 2.3). 

A comparison of Cases B and C is one between cases with different tax rates 
on interest income when a labor income tax is employed for revenue adjustment. 
We can consider this comparison in the same manner as that of Cases A-1 and 
A-2. Compared with Case C, Case B has a lower tax rate on interest income (20% 
against 34.7%), and a steeper slope of the age profile of consumption: the 
discount rate is 1.039, while it is 1.033 in Case C. The utility level in Case B is 
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Table 2.4. Empirical results from different financial methods to cover the increased tax 



burden in a transition to an aging society, and by different policies of an inter- 
est income tax in an aged steady state 



Case 


B 


C 


D 


D-1 


D-2 


Tax rate on labor income (Th,) 


0.089 


*0.07 


*0.07 


*0.07 


0.044 


Tax rate on interest income (r^) 


*0.2 


0.347 


*0.2 


*0 


*0.4 


Tax rate on consumption (Tc) 


*0.05 


*0.05 


0.069 


0.093 


*0.069 


Capital-labor ratio {K/L) 


2.63 


2.54 


2.78 


3.05 


2.64 


Income-labor ratio {Y/L) 


1.09 


1.09 


1.10 


1.11 


1.09 


Capital-income ratio {K/Y) 


2.40 


2.33 


2.52 


2.74 


2.42 


Interest rate (r) 


0.048 


0.050 


0.044 


0.038 


0.047 


Wage rate (iv) 


0.967 


0.960 


0.977 


0.993 


0.968 


Contribution rate (r^) 


0.303 


0.303 


0.303 


0.303 


0.303 


Amount of public pension benefits {b^) 


1.57 


1.56 


1.59 


1.62 


1.57 


Bequest amount (« 3 o) 


3.85 


3.32 


3.94 


4.70 


3.22 


Utility level {U) 


-7.892 


-7.750 


-7.510 


-7.317 


-7.406 


Initial consumption level (Ci) 


1.02 


1.05 


1.04 


1.03 


1.09 


Discount rate (1 + r(l - Zr)] 


1.039 


1.033 


1.036 


1.039 


1.029 


Lifetime income 


35.8 


41.4 


39.8 


37.9 


48.2 



Asterisks (*) before the rate indicate that the variable is exogenous 
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Fig. 2.3. Age profiles of consumption in Case B (20% interest income tax) and Case 
C (34.7% interest income tax) 



lower in spite of a larger capital stock. This may be related to the discount factor 
between current and future consumption in the utility function. The taxation on 
interest income distorts households’ consumption-savings behavior by substitut- 
ing current for future consumption. Because the utility function in our model 
gives a higher weight to current consumption, the utility in Case C is enhanced 
by this discount factor. Promoting savings would stimulate capital formation, 
increase aggregate production, and thus improve economic welfare at a macro 
level. At the same time, households restrain current consumption to increase that 
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in the future. This diminishes the utility level through the discount factor in the 
utility function. 

Therefore, taxation on interest income has two effects on individual utility. 
First, the taxation has a negative impact: compared with the other taxes, it 
relatively hinders capital accumulation, lowers aggregate production, and thus 
reduces aggregate consumption. Second, the taxation promotes current con- 
sumption by substituting it for future consumption, which has a positive impact 
through the discount factor of the utility function: this effect depends on the 
values of the discount parameters employed, such as subjective discount rates 
and expected survival probabilities. The relative size of these two opposite effects 
determines the influence of an interest income tax on the utility level. 

A comparison of Cases C and D is one between cases with different tax rates 
on interest income, when a consumption tax is used for revenue adjustment. In 
other words, we can consider this comparison in the same manner as that of Cases 
A-3 and A-4. The influence of an interest income tax on capital accumulation and 
on the age profile of consumption in the aged steady state is, qualitatively, the 
same as that in the current steady state. 

In Case D where a consumption tax covers the increased tax burden in a tran- 
sition to an aging society, we investigate the effects of different tax policies on 
interest income. Case D attains the highest level of utility (i.e., -7.510) among 
the three financial methods. To explore an optimal tax regime, we set Cases D-1 
and D-2 by taking account of the simulation results so far. In Case D-1, when the 
tax rate on interest income is lowered from 20% to 0%, a consumption tax covers 
the revenue loss (tax rate on consumption: 6.9% to 9.3%). In Case D-2, when the 
tax rate on interest income rises from 20% to 40%, the tax rate on labor income 
is lowered from 7% to 4.4% under revenue neutrality. The simulation results 
perform better in Cases D-1 and D-2 than in Case D: the utility improves to 
-7.317 and -7.406, respectively. These cases differ in the shape of their age 
profiles of consumption, and their levels of capital stock. Figure 2.4 shows 

Consumption 




Fig. 2.4. Age profiles of consumption in Case D-1 (0% interest income tax) and Case 
D-2 (40% interest income tax) 
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that Case D-2 has a gentler profile slope resulting in substantially less capital 
stock. 

Because the simulation results are dependent on the given parameters, we must 
be careful about the effects of any parameter changes.^^ In particular, a slight 
change in the parameter of intertemporal elasticity of substitution, 7 , substan- 
tially affects capital formation (see Appendix 2.B for the sensitivity analysis). 

2.4.2 Policy Implications 

The policy implications suggested by the simulation results are discussed. In both 
the current and aged steady states, a rise in the proportion of a consumption tax 
enhances the capital-labor ratio (K/L) and economic welfare. Here, we should 
note the following precondition: only in a situation where an economy has a lack 
of capital stock, is the promotion of capital formation desirable. The K/L ratio in 
the simulation is lower in the aged steady state than in the current steady state: 
in the current benchmark Case A the ratio is 2.98; in the aged period it decreases 
to 2.78 even in Case D, which has the best method for capital accumulation, 
namely, a consumption tax that covers the tax burden that increases in a transi- 
tion to an aging society. Thus, it is anticipated that capital accumulation would 
decline in an aging Japan. 

In terms of efficiency, a consumption tax is the best tax regime. However, a 
consumption tax is likely to be regressive (although this chapter does not treat 
this aspect). When there are difficulties such as political reasons in raising the 
tax rate on consumption, it is necessary to consider an optimum combination 
between a labor income tax and an interest income tax. The simulation results 
suggest that choosing only one tax regime from these two taxes is not the best: 
when the tax rate on consumption is 5%, an optimum tax rate on interest income 
is 20% in the current state and 40% in the aged state. 

By comparing Cases A, A-1, and A-2 in the current state, we can investigate 
an optimal combination between labor income and interest income taxes under 
a 5% consumption tax condition. The simulation indicates that when the tax rate 
on interest income is 20% (in Case A), the utility is the highest (-3.813). When 
the rate is 40% (in Case A-2), the utility is -3.842. When interest income is not 
taxed (in Case A-1), the utility is the lowest (-3.868). Thus, in the current-state 
simulations, the current Japanese tax rate of 20% on interest income is supported 
under a 5% -consumption tax condition. 

With regard to the aged-state simulations. Table 2.4 presents only the cases 
where tax rates on interest income are 20% (Case B) and 34.7% (Case C), 
although many other combinations were implemented. When the tax rate on 
interest income is 40% (and the tax rate on labor income is 5.2%), the utility is the 
highest (-7.733). Hence, if it is difficult to raise the tax rate on consumption, the 
best combination in an aged state may be to lower the tax rate on labor income. 



^^This remark also holds true for the simulation analyses in Chaps. 3-8. 
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and to raise the tax rate on interest income to more than the current rate of 
20 %. 

A decrease in the proportion of the working population in a transition to an 
aging society will increase tax and social security burdens. The simulation results 
suggest that the contribution rate to a public pension program increases drasti- 
cally from 19.1% to 30.3%. This substantially diminishes the households’ dis- 
posable labor income. Therefore, in an aging society, the tax rate on labor income 
should be relatively lower, considering the balance of this tax burden in relation 
to other tax regimes. 

Finally, in terms of efficiency, consolidated and separate taxes are evaluated. 
Our simulation result did not support consolidated taxation, which levies a tax 
on labor income and interest income at the same tax rate. This is because this tax 
regime cannot take account of the property of an interest income tax, which dis- 
torts household behavior through a change in the relative price for intertempo- 
ral consumption. Moreover, an optimal combination of taxes on labor income 
and interest income differs between the current and aged states. Therefore, the 
tax rate on interest income should be determined separately and carefully, taking 
account of several factors such as the economic specificity of the taxation of 
interest income, or the balance of this tax burden in relation to other tax regimes. 
Hence, our simulation suggests that in terms of efficiency, separate taxation is 
preferable to consolidation. 

According to Ihori (1994), consolidated taxation is based on weak grounds in 
terms of efficiency, because economic backgrounds differ between labor income 
and the revenue from savings. Thus, that study reaches the same conclusion as 
our analysis. It should be noted that this remark concerns only the aspect of effi- 
ciency: this chapter cannot deal with the problem of intragenerational equity, 
because it assumes many identical households in each cohort, expressed by a 
single representative household.^^ 



2.5 Conclusions 

This chapter has evaluated three tax bases, namely, labor income, interest income, 
and consumption in terms of their efficiency. We have investigated the effects 
of the three tax regimes on savings, capital stock, and economic welfare in 
Japan, where the population is undergoing an aging trend. We have especially 
focused on the study of an interest income tax. To analyze the above problem, 
we employed a simulation approach to the extended life-cycle general equilib- 
rium model of overlapping generations, with the introduction of life-length 



Because this chapter assumes the existence of a single representative household in every 
cohort, we cannot deal with the problem of intragenerational income redistribution. This 
is a significant topic, because a consumption tax is likely to be regressive. This problem 
is solved in Chaps. 3-8 by incorporating a diverse range of individuals with unequal 
incomes in each cohort. 
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uncertainty and unintended bequests. The following three conclusions have been 
drawn. 

The first concerns the influence of an interest income tax on the Japanese 
economy. Our simulation results show, quantitatively, that taxation on interest 
income promotes a substitution from future to current consumption, and thus the 
slope of the age profile of consumption becomes gentler. Therefore, compared 
with other taxes, this taxation relatively hinders capital accumulation. We also 
examined the general equilibrium effect of an interest income tax. In the frame- 
work of a general equilibrium analysis, a rise in the tax rate on interest income 
has a substantial negative effect on capital accumulation, not only from the sub- 
stitution effect but also by the total change in real income. The negative impact 
of an interest income tax on savings is much larger in a general equilibrium model 
than in a partial one. 

The second concerns choosing, in terms of efficiency, an optimal tax system for 
an aging Japanese population. A rise in the proportion of a consumption tax to 
the whole taxation stimulates capital formation, which improves the households’ 
utility. A consumption tax is the most advantageous tax regime in terms of effi- 
ciency. In a situation where it is difficult to raise the tax rate on consumption, we 
should consider a combination of taxes on labor income and interest income: 
optimum combinations differ between the current and aged steady states. In the 
current state, the tax rate on interest income should be 20%, namely, the current 
Japanese rate. In the aged state, a lower tax rate on labor income and a higher 
tax rate on interest income are desirable. This is because under the current Japan- 
ese system, an aging population is placing an increasingly heavy burden of inflat- 
ing pension expenses on a shrinking working population. 

The third concerns a comparison of consolidated and separate taxations. The 
tax rate on interest income should be chosen separately and carefully, consider- 
ing the distortions of the taxation through a change in the relative price of 
intertemporal consumption. Therefore, we recommend separate rather than 
consolidated taxation. 



Appendix 2.A 

We consider the utility maximization problem over time for a representative 
household, namely the maximization of Eq. 2.2 subject to the flow budget con- 
straint Eq. 2.3. Let the Lagrange function be 

80 

L = U + [-^.+1 + {1 + ^(1 - Tr )} A, + (1 - T, - Tp )we, +b,+a,-{l-\-Xc )CJ, 

S=1 



where represents the Lagrange multiplier for Eq. 2.3. 

The first-order conditions for ^ = 1, 2, . . . , 80 can be expressed by 
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^=p,(l + 5)-‘^-'*{C,rr-A,(l + Tj = 0, (2.A) 

5 

-f^ = -A, + A„i{l + Kl-T.)} = 0. (2.B) 

The combination of Eqs. 2.A and 2.B yields the equation that determines the 
slope of the age-consumption profile over the life cycle: 
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For a given Ci, Eq. 2.6 solves the age path of consumption. The transformation 
of Eq. 2.6 leads to the following expression: 
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Integrating Eq. 2.3 and using the initial and terminal conditions, Ai = Asi = 0, 
caused by no intended bequests, yields the following equation: 
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To derive Ci, Eq. 2.6' is substituted into this life-cycle budget constraint. Thus, we 
can find an optimum solution for Ci. 



Appendix 2.B 

We investigate how the simulation results depend on the given parameter values. 
Table 2.5 presents the simulation results for the sensitivity analysis in the current 
benchmark Case A. When the parameter values in the utility and production 
functions change, we evaluate how the results will be changed. 

Table 2.5 suggests that the simulation results in the steady state are substan- 
tially dependent on the given parameters. A slight change in the parameter of 
intertemporal elasticity of substitution, 7, especially affects the results. When 7 is 
low, individuals prefer a smooth plan on intertemporal consumption, regardless 
of their life-cycle pattern of income: the borrowing period in their lifetime length- 
ens, resulting in a low level of capital stock. On the other hand, when 7 is high, 
individuals prefer to change intertemporal consumption in accordance with the 
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Table 2.5. Sensitivity analysis 





K 


Y 


r 


w 


rc 


Benchmark 


356.6 


132.9 


4.0% 


0.989 


5.0% 


7 0.15 


281.7 


129.3 


5.6% 


0.945 


5.2% 


0.25 


408.9 


134.8 


3.2% 


1.013 


5.0% 


5 -0.03 


391.1 


134.2 


3.5% 


1.005 


5.0% 


- 0.02 


325.5 


131.6 


4.6% 


0.973 


5.1% 


C7 0.55 


339.5 


131.0 


3.7% 


0.987 


5.4% 


0.65 


372.7 


134.8 


4.3% 


0.991 


4.6% 


£ 0.15 


313.7 


126.0 


3.4% 


0.962 


6 . 2 % 


0.25 


398.6 


141.0 


4.6% 


1.023 


3.8% 



Parameter values in the benchmark case A are 7 = 0.2, 5 = -0.025, cr= 0.6, and £=0.2 



variations of income: the borrowing period shortens, resulting in a high level of 
capital stock. 

When the adjustment coefficient, 5, for discounting the future is high, individ- 
uals prefer to consume in their earlier period a large part of their lifetime income: 
this leads to a decrease in capital accumulation (see Homma et al. (1987b) for 
further details). 




3. Progressive Taxes and 

Intragenerational Redistribution in 
an Aging Japan* 



The life-cycle general equilibrium simulation model in the previous chapter 
incorporated a single representative household. Therefore, Chap. 2 fails to take 
account of one important aspect, namely, intragenerational redistribution. In this 
chapter we incorporate three representative households with unequal incomes 
into the simulation model. This enables us to address the problem of within- 
cohort inequality. Progressive labor income taxation and progressive consump- 
tion (or expenditure) taxation are discussed in this chapter, and the method of 
modeling progressive taxation is explained. This chapter also demonstrates how 
progressive taxes affect capital formation and intragenerational redistribution. 
Thus, it compares these two tax regimes in terms of efficiency and equity. 

3.1 Introduction 

The rapidly aging Japanese population will have various impacts on economic 
and social variables. Tax reforms accommodating this drastic structural change 
have become an urgent policy issue. There has been increasing discussion recently 
about tax reforms in an aging Japan. Of the many studies that addressed the 
problem of an aging population, nearly all analyzed the effects of an aging pop- 
ulation on production and consumption, and thus on economic growth. However, 
it is vital to evaluate not only efficiency but also equity. 

The purpose of this chapter is to explore an optimum tax regime in an aging 
Japan, in terms of efficiency and equity. This chapter examines the quantitative 



*This chapter is based on published material, Okamoto (2000a). An earlier version of this 
chapter was presented at the 1995 Annual Meeting of the Japan Fiscal Science Associa- 
tion (Nihon Zaisei Gakkai) held at Okayama University, and at the Econometrics Con- 
ference atTezukayama University in 1995. The author is grateful for insightful comments 
and suggestions by Professors Toshiaki Tachibanaki, Naosumi Atoda, Yoshibumi Aso, 
Masahiro Hidaka, and Takao Fujimoto, and from the seminar participants. The author 
also acknowledges the financial support from The Yamada Foundation for Studies on 
Economics and Finance. 
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effects of different tax systems such as progressive labor income taxation or pro- 
gressive consumption taxation, on capital accumulation and intragenerational 
redistribution. We employ an extended life-cycle general equilibrium simulation 
model of overlapping generations, with the introduction of uncertainty regard- 
ing the length of individual life and unintended bequests. 

There are three themes in this chapter: first, a major contribution to the liter- 
ature is the incorporation of the difference in lifetime earnings ability into a life- 
cycle general equilibrium model. Many studies, such as Auerbach and Kotlikoff 
(1987), Homma et al. (1987a), and Arrau (1992), investigated the problems with 
an aging society using this kind of model. Nearly all of them, however, ignored 
the problem of intragenerational equity, namely redistribution of resources 
among the households that belong to the same cohort. The studies published 
specify the behavior of a single representative individual, and therefore it is 
impossible to deal with intragenerational income redistribution. As progressive 
taxation is likely to mitigate the inequality of resource distribution, it is crucial 
to allow for the difference in earnings ability. 

This chapter incorporates the difference by assuming that each cohort has 
three representative individuals with equal tastes but unequal labor endowments, 
corresponding to three income classes: low, medium, and high.^ Hence, this model 
enables us to investigate both efficiency and equity issues. Because our study sim- 
ulates the effects of various tax reforms on efficiency and equity, it should present 
comprehensive and useful guidelines for tax reform. 

Second, we incorporate a more realistic bequest transfer than earlier studies, 
such as Iwamoto (1990), Atoda and Kato (1993), and Kato (1998). Their model 
incorporates unintended bequests caused by uncertainty regarding the length of 
an individual’s life. The bequests, which were held as assets by deceased house- 
holds, are handed to surviving 50-year-old households. This chapter differs from 
previous works in the method that follows. In the earlier studies, the inheritance 
is assumed to be transferred within the whole society. However, the range of 
inheritance in their research is too large. This chapter assumes that the bequest 
is transferred within each of the three income classes. Compared with the earlier 
studies, the bequest transfer is thus closer to reality. The difference in the amount 
of bequests received across the income classes reflects the difference in lifetime 
earnings ability. This permits us to conduct analysis in a model with a greater sim- 
ilarity to the real world. 

Third, the role of progressive consumption taxation is discussed. Progressive 
consumption taxation used here is a direct tax that is levied on consumers. Hence, 
it may be appropriate to call it “progressive expenditure taxation.” Few studies 
have dealt with this new type of tax scheme to evaluate the effects of structural 
tax reforms. Because there are only a few studies on progressive expenditure tax- 
ation, our analysis has some merit as a pioneering work. Progressive expenditure 



' Chapters 3 to 6 incorporate plural representative individuals with unequal lifetime earn- 
ings ability. Furthermore, Chapters 7 and 8 incorporate numerous representative house- 
holds with continuous income distribution in each cohort. 
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taxation will be evaluated in comparison with progressive labor income taxation, 
in terms of efficiency and equity. 

This chapter is organized as follows: Sect. 3.2 identifies the basic model em- 
ployed in simulation analysis. Section 3.3 explains the method of simulation 
analysis and the assumptions adopted. Section 3.4 evaluates the simulation find- 
ings. Section 3.5 summarizes and concludes the chapter. 

3.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1992. The model has 75 different overlapping generations. Three 
types of agents are considered: households, firms, and the government. The basic 
structure of them is explained in order, and market equilibrium conditions are 
finally presented. 

3.2.1 Household Behavior 

Households are divided into three income classes: low, medium, and high. A 
single household type represents each income class. Each household has the 
same mortality rate and the same utility function. Unequal labor endowments, 
however, create different income levels. Each household appears in the economy 
as a decision-making unit at the age of 21 and lives to a maximum of 95.^ House- 
holds face an age-dependent probability of death. Let ^y+ny be the conditional 
probability that a household of age j + 20 lives to ; + 21. Then the probability of 
a household of age 21 surviving until 5 -h 20 can be expressed by 

(3-1) 

y=i 

The probability is calculated from data estimated in 1992 by the Institute of 
Population Problems of the Ministry of Health and Welfare. 

The utility of each household depends only on the level of consumption. There 
is no choice between leisure and labor supply. Each household works from age 
21 to RE + 20, the retirement age. The labor supply is inelastic before retirement 
and zero after retirement. Each household that maximizes expected lifetime 
utility makes lifetime decisions at age 21 concerning the allocation of wealth 



^ In the case of an overlapping generations model with 80-period life cycles where house- 
holds can live to a maximum of 100, as considered in Chap. 2, households’ assets have 
negative values after 90. The reason for this is that households obtain a fixed public 
pension benefit until they die. At the final stages of old age, survival probabilities decrease 
drastically, and thus households that maximize their expected lifetime utility choose a 
low level of consumption. It is possible to rule out the unrealistic occurrence of negative 
assets after 90, by assuming a 75-period life-cycle model as considered in Chaps. 3-8. See 
Figs. 3.1 and 3.2 for the age profiles of assets. 
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between consumption and savings. The utility function of a representative house- 
hold, the form of which is assumed to be time-separable, is 

(3.2) 

\ — — 5=1 

7 

where C represents consumption (or expenditure) at age s -i- 20, 5 the adjustment 
coefficient for discounting the future, and /the intertemporal elasticity of sub- 
stitution between consumption in different years. The superscript i (= /, m, h) 
stands for low, medium, and high-income class, respectively. 

The flow budget constraint equation for each household at age ^ -f 20 is 

Ai+I = {1 + r(l - Tr )}/l j + {1 - T„, {wx‘e , ) - Tp}wx‘e, + - {1 + (C( )}C( , (3.3) 

where Al represents the amount of assets held by the household at the beginning 
of age 5 20, r the interest rate, w the wage rate per efficiency unit of labor, and 

6s the age profile of earnings ability for the household that belongs to the medium 
income class.^ bl is the amount of public pension benefit, and is the amount of 
bequest to be inherited at age s + 20. t^{wx'6s) is the tax rate on labor income, 
Tc(0 that on consumption, Tr that on interest income, and Tp is the contribu- 
tion rate to the public pension system, x' is the weight coefficient corresponding 
to the different levels of labor endowments among the three income classes. 
The medium income class is used as a yardstick, and thus jc"* = 1. ^ and x^ 
reflect the realistic difference of lifetime earnings ability across the three income 
classes. 

The tax system consists of labor income, interest income, and consumption 
taxes. Labor income or consumption (i.e., expenditure) is taxed progressively. The 
progressive tax schedule is incorporated in the same manner as in Auerbach and 
Kotlikoff (1983a, 1987). If the tax base is z, we choose two parameters labeled a 
and j8, and set the average tax rate {t^ or r^) equal to a-\-\pz for all values of z. 



^To estimate the age profile of earnings ability, the following equation is used: 

Q = Uq ^ ? 

where Q denotes average monthly cash earnings and N age. Using data from the Basic 
Survey on Wage Structure 1995 by the Ministry of Labor, parameters are estimated as 
shown in Table 3.1. In Japan, bonuses account for a large part of earnings. Therefore, 
monthly cash earnings used here also contain bonuses. 



Table 3.1. Estimation of the age profile of earnings ability 



«0 




U2 


-2.12133 


0.205776 


-0.00219652 


(-8.12860) 


(14.7803) 


(-13.3314) 



5.E. =0.135 
= 0.968 
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The corresponding marginal tax rate or rT) is a + j8z. Setting P = 0 amounts 
to proportional taxation. One may make the tax system more progressive, holding 
the revenue constant, by increasing P and decreasing a simultaneously. 

Progressive taxation is applied to the gross wage rate or the level of con- 
sumption on an annual basis for households. In the case of progressive labor 
income taxation, the tax base, z, is the gross wage rate, wx'es. If progressive expen- 
diture (or consumption) taxation is adopted, z is the level of expenditure (or con- 
sumption), Ci. The symbols, T^(wx'es) and Tc(C), in Eq. 3.3 mean that and 
are functions of wx'e^ and Cj, respectively. The tax system for interest income is 
based on proportional taxation."^ 

Variables related to the public pension program in a pay-as-you-go system are 
represented by 



(bi=6H^ (s>ST) 
Uj =0 (s<ST)' 



(3.4) 



where the age at which each household starts to receive public pension benefits 

■f 1 ^ 

is ST + 20, the average annual remuneration is H'\ = ^wx'e^ , and the 

V RE J 



replacement ratio is 6. Thus bl reflects the difference of lifetime earnings ability 
across the three income classes. 

There are unintended bequests caused by uncertainty regarding the length of 
life. The bequests, which were held as assets by deceased households, are handed 
to surviving 50-year-old households. Therefore al is positive if and only if ^ = 30, 
and otherwise is zero. The inheritance is transferred within households that 
belong to the same income class. When BQl is the sum of bequests inherited by 
50-year-old households at period t, a^o is defined by 

bq; 



^30 — ■ 



N,p3o(l + n) 



-29 ' 



(3.5) 



where 

BQi =N,f^ip, + 

5=1 



Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. 

Let us consider the case in which each household maximizes its lifetime utility 
under a constraint. Each household maximizes Eq. 3.2 subject to Eq. 3.3 (see 
Appendix 3. A). From the utility maximization problem, the equation expressing 
evolution of consumption over time for each household is characterized by 



CL, = 



j7,.n3|' l + r(l-T,) 

Jl 1 + 5 



l+_Te(C0 



Ci. 



(3.6) 



"^The tax rate on interest income is set to Japan’s actual constant rate of 20%. Hence, a 
progressive tax schedule is not incorporated for interest income in our simulation. 
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This equation represents the impact of progressive expenditure taxation on 
household behavior. If the initial consumption level, C{, is specified, optimal con- 
sumption behavior of all ages can be calculated from Eq. 3.6. The amount of 
assets held by each household at each age can be obtained from Eq. 3.3. The 
expected lifetime utility of each household is derived from Eq. 3.2. 

The social welfare function, which takes into account differences in labor 
forces, is given by 

SW = U^+U^-¥U\ (3.7) 

This function is obtained by a simple summation of the expected utilities of 
the three income classes. The function is of a “Benthamite type,” but 
depends mainly on the utility of the low-income class, like a “Rawlsian type.” 
This function is maximized if all income classes have the same level of 
consumption.^ 



3.2.2 Firm Behavior 



The model has a single production sector that is assumed to behave competi- 
tively using capital and labor, subject to a constant-returns-to-scale production 
function. Capital is homogeneous and nondepreciating, while labor differs only 
in its efficiency. All forms of labor are perfect substitutes. Households in differ- 
ent income classes or of different ages, however, supply different amounts of 
some standard measure per unit of labor input. 

The production function is assumed to be of the constant elasticity of substi- 
tution form: 






eKt "" +{l-e)Lt 



(3.8) 



where Yt represents the total output, Kt the total capital, Lt the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and o the elasticity of substitution 
between Kt and Lt. Using the property subject to a constant-returns-to-scale pro- 
duction function, we can obtain the following equation: 



Yt=rKt+wLt. 



(3.9) 



When progressive taxation is introduced, the tax burden for the low-income class dimin- 
ishes, while it increases for the high-income class. Because of the particular form of utility 
function employed in our model, a numerical increase in utility for the low-income class 
is large, while a numerical decrease for the high-income class is small. Because our social 
welfare function is derived from a simple summation of the utilities of different income 
classes, our study lays a substantial emphasis on the welfare of the low-income class. As 
the parameter of intertemporal elasticity of substitution, 7 , is lower, this weight on the 
welfare of the low-income class is higher (for reference, see Appendix 2.B). 
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3.2.3 Government Behavior 

The government sector consists of a narrower government sector and a pension 
sector. The narrower government sector collects taxes and spends them on 
general governmental expenditure. There is no outstanding debt, and thus bal- 
anced budget policies are assumed. The budget constraint of the narrower gov- 
ernment sector at time t is given by 

(3.10) 

where Gt is government spending on goods and services in year t, and Tt is the 
total tax revenue from labor income, interest income, and consumption. 

The public pension system is assumed to be a simple pay-as-you-go scheme. 
The budget constraint of the pension sector at time t is given by 

Rt=B„ (3.11) 

where is the total contribution to the pension scheme, and Bt is the total 
pension benefit to generations of age ST +20 and above. 

Both of these sectors are financed independently and separately. No transfer 
is made between the sectors. Gt, Tt, Rt, and Bt are defined by 



G,=N,f^p3l + n+~^^g, (3.12) 

S=1 

T, = LX, + tMS, + CX, , (3.13) 

R,=TpwL,, (3.14) 

B,=N,f^ Ps (1 + {bi + bT + b^ }, (3.15) 

s=ST 



where g is government expenditure per generation. LXt and CXt are tax revenues 
from labor income and consumption, respectively. This chapter assumes that each 
income group accounts for a third of the population. Thus, the tax revenue can 
be obtained through a summation for the three income classes with the same 
weight: 



LX,=N,^pAt + n) 



-( 5 - 1 ) 



1 2 1 2 
ccwx^es +—p{wx^es) +ocwx'^es +—p{wx'^es) 



1 2 
+ ocwx^es +—p{wx^es) 



(3.16) 



CX,=N,'^pAl + n) 



-( 5 - 1 ) 



aCi +jp{Cif+aCT +^P{CTf +aC^ +jp{C^f 



(3.17) 



Similarly, aggregate assets supplied by households ASt, and aggregate consump- 
tion ACt are obtained by a simple summation for the three classes: 
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AS, + [A[ + AT + Af }, 

5=1 


(3.18) 


AC,=N,^p3l+ny^'^'-\c[+CT +C^}. 


(3.19) 



5=1 



3.2.4 Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

L Equilibrium condition for the capital market 

Because aggregate assets supplied by households are equal to real capital, we 
get 



ASt=K,. (3.20) 

2. Equilibrium condition for the labor market 

Measured in efficiency units, because aggregate labor demand by firms is equal 
to aggregate labor supply by households, we get 

RE 

^ x^}es. (3.21) 

,v=l 

3. Equilibrium condition for the goods market 

Because aggregate production is equal to the sum of consumption, investment, 
and government expenditures, we get 

(3.22) 

An iterative program is performed to obtain the equilibrium values of the above 
equations. 



3.3 Simulation Analysis 
3.3.1 Method of Simulation 

The simulation model presented in the previous section is solved under the 
hypothesis of perfect foresight by households. Households correctly antici- 
pate the interest, wage, and tax rates. If tax and public pension systems are deter- 
mined, the model can be solved using the Gauss-Seidel method (see Appendix 
3.B for the computation process). 

We consider two steady states, namely, the 1995 current state and the aged state 
projected for 2025. To ascertain the clear effects of structural tax reforms, tax 
revenue neutrality is assumed. This model holds that tax revenue is constant 
across all the simulation cases in the method that follows. Across all cases, the 
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size of population is the same and the government expenditure per representa- 
tive household, g, is constant and exogenously given. Therefore, the total tax 
revenue, is exogenous and the same across all simulations.^ The value of Nt 
(new entrants in the model in period t) is chosen to make the number of house- 
holds equal between the current and aged steady states. 

Different growth rates of successive cohorts, n, and different survival proba- 
bilities, ps, create different age structures of the population between the current 
and aged states. Japan faces a decline in the proportion of the working popula- 
tion in a transition to an aging society, with a subsequent decrease in aggregate 
output; hence, it raises the ratio of the total tax revenue to aggregate output, 
which represents a substantial increase in tax burden in the aged states. A con- 
sumption tax covers this tax burden that increases with an aging population.^ 

With regard to the tax system, the tax rates on labor income, r^(wx'es), and con- 
sumption, Tc(Cs), are exogenously given. Under tax revenue neutrality, the tax 
rate on interest income, tr, is made endogenous. With regard to the public pension 
system, the replacement ratio, 0, is exogenously given, and hence, the contribu- 
tion rate, Tp, is made endogenous under the pay-as-you-go scheme. 



3,3,2 Simulation Cases 

Table 3.2 presents the simulation cases. Case A is the current benchmark of 1995; 
the tax system on labor income has a realistic progressiveness.^ Tax rates on inter- 
est income and consumption are 20% and 5%, respectively. If in Case A, a pro- 
portional labor income tax replaces a progressive one, this case is then labeled 
Case A-1. If in Case A-1, a progressive consumption tax replaces a proportional 
one, this case is then labeled Case A-2. Cases B, B-1, and B-2 correspond to Cases 
A, A-1, and A-2, respectively, the only difference being in the population struc- 
ture: Case B considers an aging society projected for 2025. The degree of tax pro- 
gressivity on labor income in Case B is the same as that in Case A, and the tax 
rate on interest income remains at 20%. 

Progressive taxation has two effects. The first and obvious effect is that it 
changes the tax burdens of the low, medium, and high-income classes. Relative 
to a proportional base, it decreases the tax burden of the low-income class, while 
it increases that of the high-income class. The second effect is a change in the 



^The tax revenues from labor income, interest income, and consumption are the same 
across the current-state cases. A, A-1, and A-2, respectively. This remark also holds true 
for the aged-state cases, B, B-1, and B-2. This is because different tax compositions across 
simulation cases would have some effects on the economy, even under the constant total 
tax revenue. 

^ Of course, other financial methods such as a labor income tax or an interest income tax, 
can cover the tax burden that increases with an aging population. Different financing 
methods generate different impacts on the economy (see Chap. 2 for further details). 

^The whole average tax rate on labor income is set to 6.5%, which is the same value as in 
Kato (1998). 
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Table 3.2. Simulation cases 



1. Current steady state (1995) 





Case A 


Case A-1 


Case A-2 


Case A* 


Case A-2* 




(Progressive 


(Proportional 


(Progressive 








labor income 


tax) 


consumption 








tax) 




tax) 






Tax rate on labor 


[a= 0.00358 


(a= 0.065 


f a = 0.065 


*(L) 0.0207 


( a = 0.065 


income (r^;) 


*1^3 = 0.032 


*1/3=0 




*(M) 0.0404 
*(H) 0.0854 


*U = o 


Tax rate on 


f a = 0.05 


(a= 0.05 


[a = -0.0084 


( a = 0.05 


*(L) 0.0088 


consumption (tJ 


i/3 = 0 


*1)8 = 0 


*1)3=0.044 


*1)8 = 0 


*(M) 0.0280 
*(H) 0.0695 


Tax rate on interest 


0.2000 


0.2008 


0.2002 


0.2008 


0.2008 


income (r^) 












Asterisks (*) before the rate indicate that the variable is exogenous 






2. Aged steady state (2025) 












Case B 


Case B-1 


Case B-2 


Case B* 


Case B-2* 




(Progressive 


(Proportional 


(Progressive 








labor income 


tax) 


consumption 








tax) 




tax) 






Tax rate on labor 


= 0.00358 


(«=: 0.06467 


f« = 0.06467 


*(L) 0.0206 


(« = 0.06467 


income (Th,) 


*\fi = 0.032 


*U = 0 


*1^ = 0 


*(M) 0.0402 
*(H) 0.0849 


*U=o 


Tax rate on 


= 0.07955 


(« = 0.07955 


!« = 0.03176 


(«= 0.07955 


*(L) 0.0459 


consumption (Tc) 


iy?=o 


*1^=0 


*1/3 = 0.04258 


*U=o 


*(M) 0.0613 
*(H) 0.0954 


Tax rate on interest 


0.2000 


0.2022 


0.2000 


0.2022 


0.2022 


income (r^) 












Asterisks (*) before the rate indicate that the variable is exogenous 






3. Parameter values in the two steady states 












Current steady state 


Aged steady state 


Survival probabilities (pj 




1995 


2025 




Growth rate of successive cohorts (n) 


0.01462 


-0.00446 


New entrants in period t (N,) 




1.5 


0.844 




Labor supply (L,) 




374.6 


311.0 




Contribution rate (t^) 




0.1650 


0.3397 



time path of taxation during an individual’s life cycle. A progressive labor income 
tax changes the age profile of after-tax labor income. A progressive consumption 
tax provides different tax rates in proportion to the level of consumption during 
an individual’s life cycle. 

Four additional cases, A*, A-2*, B*, and B-2*, are examined to analyze the size 
of the first effect (different tax burdens) and the second effect (different time 
paths of taxation during an individual’s life cycle) in a quantitative way. These 
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four cases have only the former effect. In Cases A* and B*, for each income class, 
the annual tax burden on labor income is the same as that in Cases A and B (pro- 
gressive taxation cases). In Cases A* and B*, the shape of the age profile of after- 
tax labor income is not affected by progressive taxation, and thus it is the same 
as that of the age profile of earnings ability. In these cases, for each income class, 
a constant tax rate on labor income is chosen under revenue neutrality. This 
method is also applied in the case of a progressive consumption tax. 



3.3.3 Specification of Parameters 

This chapter examines the implications of tax policies for an aging Japanese 
economy. As indicated in Table 3.3, we choose parameter values that are realis- 
tic for the economy. In Case A (current benchmark), economic variables such as 
the ratios of capital to income (K/Y) and capital to labor (K/L) are close to actual 
values of 1995. 

Table 3.2 presents the parameter values that characterize the two steady states. 
Survival probabilities (p^) are calculated from the Population Projections for 
Japan 1991-2090. Our model makes no sex distinction, and thus this study uses 
the male-female average values for 1995 and 2025. The proportions of aged pop- 
ulation (65 or above) to the total population (21 or above) in 1995 and 2025 are 
19.2% and 32.8%, respectively, based on the above estimates. The growth rate of 
successive cohorts {n) is chosen so that the ratios in the simulation are the same 
as the estimated values. Parameters on the public pension program are set close 
to actual values of 1995. The replacement ratio of pension payments (0) is 
adjusted so that the contribution rate equals the 1995 rate of 16.5% in employ- 
ees’ pension plans (Kosei Nenkin). 

The weights given to labor endowments for each income class and the degree 
of tax progressivity are explained. We use data that include all ranges of indi- 
vidual income taxes by adding two sources: data for income tax collected at the 
tax office, and data for self-assessed income tax. The data is based in the Statisti- 
cal Year Book of National Taxes (Kokuzeicho Tokei-Nenposho) 1994. Table 3.4 
shows the number of people in the low, medium, and high-income classes, and 



Table 3.3. Parameter values used in simulation analysis 



Parameter description 


Parameter values 


Parameter for discounting the future 


5 =-0.0162 


Intertemporal elasticity of substitution 


7=0.2 


Elasticity of substitution of production 


(T= 0.6 


Production weight parameter 


£ = 0.2 


Production scale parameter 


B = 0.942 


Government expenditure per generation 


g = 0.84837 


Retirement age 


II 


Starting age for receiving public pension benefits 


ST=A5 


Replacement ratio for public pension 


0 = 0.634 
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Table 3.4. Income distribution and taxes of households 



Income 

class 


Number of 
persons 

(thousand persons) 


Total amount 
of income 
(billion yen) 


Weight on 
labor 

endowments 


Total amount 
of taxes 
(billion yen) 


Ratios of the 
amount of 
taxes (%) 


Low 


17317 


30805 


x' = 0.465 


776 


4.5 


Medium 


17317 


66199 


xT = \ 


2213 


12.9 


High 


17317 


147005 


X*' = 2.221 


14126 


82.5 


Total 


51950 


244009 




17116 


100.0 



Source: Statistical Year Book of National Taxes 1994, National Tax Administration Agency, Japan 
(1996) 



the ratios of the amount of income for each income class that accounts for one 
third of the population. The weight parameter on the lifetime earnings ability for 
each income class is set based on this data. 

Parameters that determine the degree of tax progressivity on labor income in 
Case A are chosen so that for the three income classes, the ratios of tax revenue 
from labor income in the simulation are the same as the ratios indicated in Table 
3.4. Parameters that determine the degree of tax progressivity on consumption 
in Case A-2 are adjusted so that the degree is the same as in Case A. Between 
progressive labor income taxation and progressive consumption taxation, it is dif- 
ficult to make the degree of tax progressivity identical. Hence, we decided to keep 
the tax revenue (i.e., the sum of revenue from the three tax bases) for each 
income class identical between these two cases (see Table 3.2 for the assignment 
of parameter values, a and /J). 



3.4 Simulation Results 

3.4.1 Findings and Their Interpretation 

Table 3.5 presents the simulation results caused by progressive labor income tax- 
ation and progressive consumption taxation. In this chapter, the influence on 
capital accumulation is regarded as an indicator of efficiency. This is because 
under the assumption of an inelastic labor supply, the level of the total output 
depends only on the level of capital stock, as indicated by Eq. 3.8. Social welfare 
is evaluated by the function represented by Eq. 3.7. It should be noted that the 
social welfare function reflects not only the aspect of equity but also that of 
efficiency. 

1. The influence of progressive labor income taxation 

Cases A and A-1 represent the cases of progressive labor income taxation and 
proportional taxation, respectively. To analyze the impacts of progressive labor 
income taxation, we consider the transfer from Case A-1 to A. The capital-labor 
ratio (K/L) increases from 2.781 to 2.851. Social welfare improves from -82.971 
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Table 3.5. Empirical results caused by a progressive labor income tax, a proportional tax, and 
a progressive consumption tax 



1. Current steady state (1995) 





Case A 
(Progressive 
labor income 
tax) 


Case A-1 
(Proportional 
tax) 


Case A-2 
(Progressive 
consumption 
tax) 


Case A* 


Case A-2* 


Capital-labor ratio (K/L) 


2.851 


2.781 


2.845 


2.781 


2.781 


Interest rate 


0.0428 


0.0444 


0.0430 


0.0444 


0.0444 


Wage rate 


0.9821 


0.9776 


0.9818 


0.9776 


0.9776 


Assets of low-income class 


151.9 


131.5 


131.4 


152.0 


131.5 


Assets of high-income class 


606.0 


627.6 


649.0 


582.7 


627.6 


Total capital 


1068.1 


1041.8 


1065.9 


1041.8 


1041.8 


Utility of low-income class 


-63.865 


-79.109 


-67.001 


-64.157 


-67.416 


Utility of high-income class 


-0.166 


-0.153 


-0.161 


-0.169 


-0.164 


Social welfare 


-67.304 


-82.971 


-70.538 


-67.623 


-70.988 



2. Aged steady state (2025) 




Case B 
(Progressive 
labor income 
tax) 


Case B-1 
(Proportional 
tax) 


Case B-2 
(Progressive 
consumption 
tax) 


Case B* 


Case B-2* 


Capital-labor ratio (K/L) 


2.443 


2.381 


2.429 


2.381 


2.381 


Interest rate 


0.0538 


0.0558 


0.0543 


0.0558 


0.0558 


Wage rate 


0.9533 


0.9484 


0.9522 


0.9484 


0.9484 


Assets of low-income class 


118.3 


93.5 


92.4 


119.6 


93.5 


Assets of high-income class 


408.8 


446.2 


461.2 


389.0 


446.2 


Total capital 


759.8 


740.6 


755.2 


740.6 


740.6 


Utility of low-income class 


-170.980 


-230.037 


-199.952 


-172.839 


-202.664 


Utility of high-income class 


-0.489 


-0.444 


-0.451 


-0.510 


-0.470 


Social welfare 


-180.469 


-241.267 


-210.260 


-182.529 


-213.209 



to -67.304. The utility of the low-income class is ameliorated from -79.109 to 
-63.865. On the other hand, the utility of the high-income class is deteriorated 
from -0.153 to -0.166. 

2. The influence of progressive consumption taxation 

Case A-2 represents the case of progressive consumption taxation. To study the 
impacts of this taxation, we consider the move from Case A-1 to A-2. The K/L 
ratio increases to 2.845, and social welfare improves to -70.538. The utility level 
of the low-income class increases to -67.001, while the level of the high-income 
class diminishes to -0.161. Therefore, under the assumption of an inelastic labor 
supply, the transition from proportional to progressive taxation raises the K/L 
ratio. This leads to a higher level of social welfare. 
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(1) Evaluation of the two tax regimes in terms of efficiency 

As explained in the previous section, progressive taxation provides two effects: 
it changes the tax burdens among the low, medium, and high-income classes; and 
it also changes the time path of taxation during an individual life cycle. 

Progressive labor income taxation changes the time path of after-tax labor 
income under a pay scale based on seniority. In Case A*, this change in Case A 
(progressive tax case) is removed. In Case A*, for each income class, a propor- 
tional tax rate on labor income is chosen so that the class’s tax revenue from 
labor income is the same as in Case A. Thus, the time path of after-tax labor 
income is the same between Case A* and Case A-1 (proportional tax case). The 
aggregate capital of 1041.8 is also the same between these cases. This result sug- 
gests that the change in the tax burden among the three income classes has no 
influence on capital formation, because the utility function of each income class 
is identical. Therefore, we find that an increase in the capital stock depends on a 
change in the time path of after-tax labor income regarding an individual life 
cycle. This may be called the capital-increasing effect. 

Progressive consumption taxation provides different tax rates on consumption 
in each age under an age profile of consumption with an upward slope. In Case 
A-2*, this property in Case A-2 (in which the tax rate on consumption varies with 
a level of consumption in each age) is ruled out. In Case A-2*, for each income 
class, a constant tax rate on consumption replaces a progressive one to cover the 
class’s tax revenue from consumption in Case A-2. Figure 3.1 shows that the age 
profile of consumption is gentler in Case A-2 than in Case A-2*. The aggregate 
capital of 1041.8 is the same between Cases A-2* and A-1. Thus, the change in 
the tax burden on consumption among the three income classes has no influence 
on capital accumulation. 



Consumption 




21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 Age (years) 



Fig. 3.1. Age profiles of consumption for the high-income class in Cases A-2 (progressive 
consumption tax) and A-2* (proportional tax) 
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Assets 




Age (years) 



Fig. 3.2. Age profiles of assets for the high-income class in Cases A (progressive labor 
income tax) and A* (proportional tax) 



The change in the time path of taxation on consumption stimulates capital for- 
mation. In both progressive labor income taxation and progressive consumption 
taxation, this capital-increasing effect arises from the change in the timing of tax- 
ation during an individual’s life cycle. This effect is caused mainly by a decrease 
in borrowing during the younger periods in these tax regimes. Under progressive 
labor income taxation, young households have low tax rates on labor income due 
to a low level of labor income. This may account for a large part of the capital- 
increasing effect (see Fig. 3.2 for the difference in the age profiles of assets for 
the high-income class in Cases A and A*). Similarly, under progressive con- 
sumption taxation, young households have low tax rates on consumption because 
of a low level of consumption. This may also provide the capital-increasing effect 
(see Fig. 3.3 for the difference in the age profiles of assets for the high-income 
class in Cases A-2 and A-2*). 

It should be noted that the effect on the assets of the high-income class is the 
opposite between progressive labor income taxation and progressive consump- 
tion taxation. When progressive labor income taxation is incorporated (i.e., in 
moving from Case A-1 to A), the assets of the high-income class decrease from 
627.6 to 606.0. On the other hand, when progressive consumption taxation is 
introduced (i.e., in transferring from Case A-1 to A-2), the assets increase to 
649.0. The result on progressive labor income taxation may be predictable. The 
introduction of progressive taxation reduces aggregate consumption of the high- 
income class and thus diminishes their assets, which have been accumulated for 
future consumption. 

The result for progressive consumption taxation does not seem so easy to 
predict. This is because the capital-increasing effect of progressive taxation 
is remarkable for the high-income class. Due to a property of progressive taxa- 





48 3. Progressive Taxes and Intragenerational Redistribution in an Aging Japan 




Fig. 3.3. Age profiles of assets for the high-income class in Cases A-2 (progressive con- 
sumption tax) and A-2* (proportional tax) 



tion, the change in the tax rate during an individual’s life cycle is more striking 
for the high-income class than for the low. In the case of progressive consump- 
tion taxation (A-2), the lifetime range of the tax rate on consumption is from 
5.1% to 8.8% for the high-income class, while the range for the low-income 
class is small, being from 0.5% to 1.3%. Because the assets of the high-income 
class account for a large part of the capital stock, the capital-increasing effect on 
the high-income class makes a substantial contribution to capital formation in 
Case A-2. 

(2) Evaluation of the two tax regimes in terms of equity 

We establish the effects of progressive labor income taxation and progressive 
consumption taxation on social welfare. In the current steady state, the highest 
level of social welfare is attained in Case A (progressive labor income taxation) 
with -67.304. Then comes Case A-2 (progressive consumption taxation) with 
-70.538, and finally Case A-1 (proportional taxation) with -82.971. In the aged 
steady state, we also obtain the same qualitative effect. The simulation result sug- 
gests that when labor income is taxed progressively, the redistribution effect is 
greater. This may be because households cannot control the age profile of labor 
income in our model, which seems true for Japan. In this respect, progressive 
labor income taxation would cause a greater distortion on household behavior, 
although it has a substantial redistribution effect. 

On the other hand, because households can control the age profile of their con- 
sumption, the redistribution effect may be weaker when consumption is taxed 
progressively; in the case of progressive consumption taxation, there is some 
room for households to avoid high tax rates on consumption. Figure 3.1 shows 
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that under progressive consumption taxation, the age profile of consumption 
becomes gentler (see Eq. 3.6 for the time path of consumption distorted under 
progressive consumption taxation). 

In the aged steady state, we obtain qualitatively the same results to those in 
the current steady state (see Table 3.5 for the simulation results in the aged-state 
cases). 

3.4.2 Comments 

The following three comments need to be noted for interpreting the simulation 
results. First, they show that progressive taxation promotes capital accumulation. 
However, this may depend on the inelastic labor supply that is one of the assump- 
tions in our model. As labor supply is exogenous, the effect of progressive taxa- 
tion on income comes only from the savings. Given the age profiles of labor 
income or consumption with an upward slope as in our study, progressive taxes 
increase savings and thus income. If the relationship between tax progressivity 
and labor supply incentive were explicitly taken into account, progressive taxa- 
tion would not always give favorable outcomes (see Appendix 3.C for further 
details of progressive taxation). In addressing the Japanese economy, our simu- 
lation has some significant policy implications.^ 

Second, cross-sectional data is employed in the estimation of the difference in 
lifetime earnings ability among households within a cohort. The data presented 
in Table 3.4 includes all age groups: young, middle, and old. Therefore, the esti- 
mated value of the variance concerns the income distribution not of people who 
belong to the same cohort, but of all people who exist in the economy at a point 
in time (1994). So-called panel data, which traces people within a cohort for a 
long period, should have been used for the purpose of our study. However, this 
kind of data is not presently available in Japan, and thus the cross-sectional data 
was employed as a second-best source.^® 

The difference in earnings ability, based on educational backgrounds, may also 
account for differences in the ability of labor supply. It is vital to understand how 
the simulation results would be revised, if this alternative indicator were adopted 
as the difference in lifetime earnings ability. We conducted simulation analyses 
that incorporate differences based on educational backgrounds (see Appendix 
3.D for further details). In that case, the difference in labor endowments is 
smaller than that adopted in this chapter. 

Finally, all income classes are identical in our model including the utility func- 
tion, except for earnings ability. Empirical evidence such as Hausman (1979) and 
Lawrence (1986), however, suggests that the rate of time preference may be sub- 
stantially higher for low-income individuals. If this difference in the rate of time 
preference among representative households were introduced, the simulation 
results would be different. Similarly, a change in the intertemporal elasticity of 



^This remark also holds true for analyses in Chaps. 4-8. 

^^This remark also holds true for analyses in Chaps. 4, 6, 7, and 8. 
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substitution, 7 , among them would also change the results (see Appendix 3.E for 
further details). 



3.5 Conclusions 

This chapter has examined the effects of progressive labor income taxation and 
progressive consumption taxation on efficiency and equity in Japan, where the 
population is undergoing an aging trend. To analyze this situation, we employed 
a simulation approach for the extended life-cycle general equilibrium model of 
overlapping generations, with the difference in the ability of labor supply. Three 
major conclusions have been drawn from the simulation. 

First, compared with proportional taxation, progressive taxation has the capital- 
increasing effect, as households accumulate more assets to maximize their lifetime 
utilities. This is verified if progressive labor income taxation is implemented under 
a pay scale based on seniority, or if progressive expenditure taxation is introduced 
under the age profile of consumption with an upward slope. This capital- 
increasing effect is caused by changing the timing of taxation to occur later in a 
life cycle, when labor income or expenditure grows over the lifetime. 

Second, progressive labor income taxation and progressive consumption taxa- 
tion give different effects on assets of the high-income class. Under progressive 
labor income taxation, assets of the high-income class decrease, while under 
progressive consumption taxation they increase. Because the assets of the high- 
income class account for a large part of the capital stock, progressive consump- 
tion taxation substantially enhances capital formation. 

Third, the simulation results suggest that under an inelastic labor supply, pro- 
gressive labor income taxation generates a stronger redistribution of resources 
than progressive consumption taxation. Although progressive labor income tax- 
ation is preferable in terms of equity, it is likely to have a greater distortion on 
household behavior due to an uncontrollable labor supply. Therefore, the intro- 
duction of progressive consumption taxation seems an optimum policy for an 
aging Japan. 



Appendix 3.A 

To consider the utility maximization problem over time for each income class, 
namely the maximization of Eq. 3.2 subject to Eq. 3.3, let the Lagrange function 
be 

75 

U =IJ‘ [-^,!+i + {1 + r{\ - Tr )}Ai +{l-t^ (wx‘e , ) - tp }wx‘es 

+ b‘s +a‘s — {l + Tc(C^)}C^], 



’ ‘ This remark also holds true for analyses in Chaps. 4-8. 
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where A', represents the Lagrange multiplier for Eq. 3.3 and superscript i {= /, m, 
h) denotes low, medium, and high-income class, respectively. 

The first-order conditions for 5 = 1, 2, . . . , 75 can be expressed by 

^=Ps{\ + 5y^'''\C‘Sr -AUl + Te(Cj)} = 0, (3.A) 

— — = -A'j + A'j+i{l + r(l -T;.)} = 0. (3.B) 



The combination of Eqs. 3.A and 3.B yields the equation that determines the 
slope of the age-consumption profile over the life cycle: 



CLi = 




l-tr(l-T,) 



^ i+T_Acj) y 
vl + Tc {Cl+i)J_ 



ci. 



(3.6) 



For a given C{, Eq. 3.6 solves the consumption path. The transformation of Eq. 
3.6 leads to the following expression: 




l-i-T,(Ci)iJ 1 1-1-5 J ^ 



(3.6)' 



Integrating Eq. 3.3 and using the initial and terminal conditions, A{ = = 0, 

caused by no intended bequests, yields the following equation: 

s -1 

RE 

= + ^\l-T:Awx^es)-Tp\wx^es 

-t X {1 -I- r(l - Xr b[+{\ + r(l - T, 4o • 

s^ST 

To derive Cf, Eq. 3.6' is substituted into this lifetime budget constraint. Thus, an 
optimum solution for Q can be obtained. 



Appendix 3.B 

If tax and public pension systems are determined, the simulation model presented 
in Sect. 3.2 can be solved using the Gauss-Seidel method. The outline of the com- 
putation process is as follows: 

Step 1 

The interest rate r^, the wage rate w®, the bequest amount for each income class 
{a'Y, the tax rate on interest income t^, and the contribution rate to the public 
pension scheme are chosen as initial values. 
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Step 2 

Each household that maximizes the lifetime utility determines the time paths of 
consumption (Cy and savings (S'Y for an entire life cycle, by taking the previ- 
ous values and the tax rates on labor income T^{wx'es) and consumption Tc(Cs) 
as given. 

Step 3 

Aggregate capital is obtained by summing the assets of each income class 
across cohorts, and by adding them (A^Y up across the three lifetime-income 
classes within a cohort. The production equilibrium conditions, which are derived 
from Eq. 3.8, bring about a new interest rate and a new wage rate w^. For each 
income class, the time path of the assets {A'Y leads to the class’s sum of bequests 
{BQY^ which generates a new amount of bequest {a'Y- 
To balance the account of the narrower government sector, the tax rate on 
interest income changes to t‘. In a similar way to the balance of the account of 
the public pension sector, the contribution rate changes to r^. 

Step 4 

Using r\ (a'Y, tJ, and Tp as new initial values, we return to Step 1. This method 
is iterated until stable variables (or equilibrium) are obtained. 



Appendix 3.C 

In order to quantitatively demonstrate the negative impact of progressive taxa- 
tion on capital formation through a decrease in labor supply, sensitivity analyses 
were carried out for exogenous changes in labor supply. 

We consider the move from the proportional case (A-1) to the progressive case 
(A). To allow for the disincentive effect on labor supply by the shift from pro- 
portional to progressive taxation, we exogenously diminish labor supply from 
374.6 to 363.8 (2.9% decrease) in Case A. This case with a reduced labor supply 
is labeled Case A-a. Table 3.6 suggests that the level of aggregate capital of 1041.8 
is the same between the progressive tax case (A-a) and the proportional tax case 
(A-1). This result shows that when the progressive tax decreases labor supply by 
2.9%, the capital stock remains unchanged. We also examined the case of a 5.0% 
decrease (from 374.6 to 355.9) in labor supply by the move from Case A-1 to 
Case A. This case is labeled Case A-b. Table 3.6 suggests that aggregate capital 



Table 3.6. Sensitivity analysis for exogenous changes in labor supply 



Case 


Labor supply 


(Low) Assets 


(Medium) Assets 


(High) Assets 


Total capital 


A 


374.6 


151.9 


310.2 


606.0 


1068.1 


A-a 


363.8 


148.7 


303.1 


590.0 


1041.8 


A-b 


355.9 


146.3 


297.8 


577.9 


1022.0 
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in the progressive case (A-b) of 1022.0 is lesser than that in the proportional case 
(A-1). 

These simulation results indicate that if our model takes account of the nega- 
tive impact of a progressive tax on labor supply, the overall influence of pro- 
gressive taxation on capital formation cannot be determined a priori. 



Appendix 3.D 

The difference in lifetime earnings ability among the three income classes is esti- 
mated using cross-sectional data in this chapter. The difference based on educa- 
tional backgrounds may also be a possible explanation for the difference in labor 
endowments. The estimation based on educational backgrounds was undertaken 
using only data for male workers from the Basic Survey on Wage Structure 1995 
by the Ministry of Labor. This is because female workers may be a disturbance 
factor for our purpose, due to a high proportion of part-time workers. The esti- 
mation employs the following regression: 

Q = ao+axN + U2N^, 

where Q denotes average monthly cash earnings and N denotes age. Monthly 
cash earnings used here also contain bonuses. Table 3.7 shows the estimated 
parameter values for junior high school, high school, junior or technical college, 
and university graduates. Each of them accounts for the following proportion in 
the population: junior high school 14.7%, high school 51.0%, junior or technical 
college 6.9%, and university graduates 27.4%. 

Figure 3.4 presents the age profiles of earnings ability based on educational 
backgrounds. This figure suggests that the gap in earnings ability is the largest 
between junior high school graduates and university graduates. It should be noted 
that the disparity between them is only double even in the ages when the gap is 
the largest. This result suggests that the difference in lifetime earnings ability 
among households should have been more reduced, if the disparity of earnings 
ability based on educational backgrounds is taken into account. 



Table 3.7. Estimation of 
backgrounds 


the age profiles of earnings 


ability based 


on educational 


Educational backgrounds 


ttQ 


tti 






Junior high school graduates 


-1.28123 

(-4.16363) 


0.151411 

(9.21858) 


-0.00161769 

(-8.31822) 


I5.£. =0.159 
= 0.922 


High school graduates 


-2.60477 

(-4.09197) 


0.228825 

(7.13006) 


-0.00241843 

(-6.58626) 


1 5. £. =0.262 
1/?" = 0.881 


Junior college graduates, etc. 


-3.67363 

(-4.39650) 


0.276098 

(7.06884) 


-0.00276330 

(-6.52916) 


|5.£. = 0.261 
\R^ = 0.896 


University graduates 


-6.04616 

(-4.68794) 


0.392417 

(6.51188) 


-0.00364635 

(-5.57956) 


j5.£. = 0.373 
\r^ = 0.922 
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Age (years) 



Fig. 3.4. Age profiles of earnings ability based on educational backgrounds 



With regard to the relationship between age and labor endowments, the dif- 
ference in earnings ability among households gradually increases with age (see 
Appendix 7.F for the simulation analysis that considers this observation). 

Appendix 3.E 

In this chapter, each income class is identical including the utility function, except 
for labor endowments. If the rate of time preference differs among the three 
income classes, it may change the influence of progressive taxation on capital for- 
mation. We undertook a simulation analysis with the different rates of time pref- 
erence among the classes. The adjustment coefficients for discounting the future, 
5' (/ = /, m, h), for low, medium, and high-income classes are set to -0.0062, 
-0.0162, and -0.0262, respectively. If the different coefficients are incorporated 
in Case A, this case is then labeled Case A-c. In the similar way, we set Cases 
A-l-c and A-2-c. 

To investigate the influence of progressive labor income taxation on capital 
accumulation, we compare the moves from Case A-1 to Case A and from Case 
A-l-c to A-c. Table 3.5 shows that when the rate of time preference is the same 
among the three income classes, the capital stock increases from 1041.8 to 1068.1 
by 2.53%. Table 3.8 suggests that when the rates of time preference differ among 
the classes, the capital stock increases from 1142.1 to 1165.8 by only 2.08%. This 
may be because progressive taxation decreases the tax burden of the low-income 
class which has a low propensity to save, and increases the tax burden of the high- 
income class which has a high propensity to save. 

To examine the impact of progressive consumption taxation on capital forma- 
tion, we compare the shifts from Case A-1 to A-2 and from Case A-l-c to A-2- 
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Table 3.8. Sensitivity analysis for different rates of the adjustment 
coefficient, 5, for discounting the future 



Case 


(Low) Assets 


(Medium) Assets 


(High) Assets 


Total capital 


A-c 


108.1 


299.0 


758.8 


1165.8 


A-l-c 


88.4 


269.4 


784.3 


1142.1 


A-2-C 


87.1 


273.6 


832.9 


1193.5 


Table 3.9. Sensitivity analysis for different intertemporal elasticities 




of substitution, y 






Case 


(Low) Assets 


(Medium) Assets 


(High) Assets 


Total capital 


A-d 


83.3 


293.2 


841.6 


1218.2 


A-l-d 


63.5 


262.5 


871.8 


1197.7 


A-2-d 


64.5 


267.5 


916.4 


1248.3 



c. Table 3.5 shows that when the rate of time preference is the same among the 
three income classes, the capital stock increases from 1041.8 to 1081.0 by 3.77%. 
Table 3.8 indicates that when the rates of time preference differ among the 
classes, the capital stock increases from 1142.1 to 1193.5 by 4.50%. Thus, the sim- 
ulation results show contrasting results between progressive labor income taxa- 
tion and progressive consumption taxation. 

According to the sensitivity analysis in Appendix 2.B, a slight change in the 
parameter of intertemporal elasticity of substitution affects capital formation 
substantially. We undertook a simulation analysis with different intertemporal 
elasticities of substitution. The intertemporal elasticities of substitution, (i = /, 
m, h), for low, medium, and high-income classes are set to 0.1, 0.2, and 0.3, respec- 
tively. If the different elasticities are introduced in Case A, this case is then 
labeled Case A-d. Similarly, we set Cases A-l-d and A-2-d. The simulation results 
presented below are similar to those in the case of the different rates of time 
preference: 

To study the effect of progressive labor income taxation on capital accumula- 
tion, we compare the transfers from Case A-1 to A and from Case A-l-d to A- 

d. When the elasticity is the same among the three classes, the capital stock 
increases by 2.53%. Table 3.9 suggests that when the elasticities of intertempo- 
ral consumption differ among the classes, the capital stock increases from 1197.7 
to 1218.2 by only 1.71%. To evaluate the influence of progressive consumption 
taxation, we compare the shifts from Case A-1 to A-2 and from Case A-l-d to 
A-2-d. When the elasticity is the same among the three income classes, the capital 
stock increases by 3.77%. Table 3.9 shows that when the elasticities differ among 
the classes, the capital stock increases from 1197.7 to 1248.3 by 4.22%. These sim- 
ulation results also show contrasting results between progressive labor income 
taxation and progressive consumption taxation. 




4. Simulating Progressive Expenditure 
Taxation in an Aging Japan* 



This chapter investigates the effects of tax reform from progressive labor income 
taxation toward progressive expenditure taxation, on capital accumulation, and 
intragenerational income redistribution. The simulation model used in this 
chapter is fundamentally the same as that in the previous chapter. The role of 
progressive expenditure taxation is studied in this chapter, and a concrete method 
for the implementation of this new type of tax regime is also discussed. 



4.1 Introduction 

The proper choice of tax bases is a significant question, because the choice has 
important implications for the course of savings and economic growth, the level 
of economic efficiency, and the distribution of welfare across generations. The 
current Japanese tax system is based mainly on progressive labor income taxa- 
tion. However, is the tax schedule really desirable in an aging Japan in terms of 
efficiency and equity? The effects of progressive expenditure taxation on social 
welfare as an alternative tax base are evaluated in this chapter. 

The purpose of this chapter is to clarify guidelines for structural tax reforms 
in an aging Japan, by comparing progressive labor income taxation and progres- 
sive expenditure taxation in terms of efficiency and equity. The chapter investi- 
gates the quantitative effects of tax reform from progressive labor income 
taxation to progressive expenditure taxation, on capital accumulation, as well as 
on intragenerational income redistribution. It examines the macroeconomic and 
welfare effects of alternative tax schemes in each of two steady states, one with 



*This chapter is based on Okamoto (in press). An earlier version of this chapter was pre- 
sented at thQ 2000 Annual Meeting of the Japanese Economic Association held at Osaka 
Prefecture University. The author is grateful for insightful comments and suggestions by 
Professors Toshiaki Tachibanaki, Yukinobu Kitamura, Yasushi Iwamoto, and Masahiro 
Hidaka, and from the seminar participants. The author acknowledges the financial 
support from the Ministry of Education, Culture, Sports, Science and Technology in 
Japan (Grant-in- Aid for Encouragement of Young Scientists No. 13730064). 
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the current Japanese age structure and the other with the age structure projected 
for 2025. 

A life-cycle general equilibrium simulation model is suitable as a basic theo- 
retical framework to rigorously examine the impact of demographic changes on 
various social and economic variables. Nearly all studies based on the model ana- 
lyzed the effects of an aging population on production and consumption, and 
thus on economic growth. When dealing with tax reforms, however, it is vital to 
evaluate not only efficiency but also equity. We employ an extended life-cycle 
general equilibrium model of overlapping generations with differences in earn- 
ings ability. This enables us to investigate equity issues in addition to efficiency 
issues. Thus, this chapter should present comprehensive and useful guidelines for 
tax reforms. 

The main theme in this chapter is to study the role of progressive expenditure 
taxation. Few studies have dealt with this new type of tax regime to evaluate the 
effects of structural tax reforms. Because there are only a few studies on pro- 
gressive expenditure taxation, this analysis has some merit as a pioneering work. 
Progressive expenditure taxation is evaluated for its efficiency and equity, in 
comparison with progressive labor income taxation. 

This chapter is organized as follows: Sect. 4.2 identifies the basic model 
employed in simulation analysis. Section 4.3 explains the method of simulation 
analysis and the assumptions adopted. Section 4.4 evaluates the simulation find- 
ings and discusses policy implications. Section 4.5 summarizes and concludes the 
chapter. 

4.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1997. The model has 75 different overlapping generations. Three 
types of agents are considered: households, firms, and the government. Because 
the basic model in this chapter is the same as that in Chap. 3, see Sect. 3.2 for 
detailed explanation. The basic structure of households is as follows. 

4.2.1 Household Behavior 

Let ^y+iiy be the conditional probability that a household of age j + 20 lives to 
7 + 21. Then the probability of a household of age 21 surviving until 5- + 20 can be 
expressed by 



P^=Tl^nni- (4.1) 

M 

The probability ^y+ny is calculated from data estimated in 1997 by the Institute 
of Population Problems of the Ministry of Health and Welfare. The utility func- 
tion of a representative household, the form of which is assumed to be time- 
separable, is 
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u‘ =-^f^pA\+sy 

7 



where C' represents consumption (or expenditure) at age s 20, S the adjust- 
ment coefficient for discounting the future, and /the intertemporal elasticity of 
substitution on consumption. The superscript i (= /, m, h) stands for low, medium, 
and high-income class, respectively. 

The flow budget constraint equation for each household at age 5- -i- 20 is 

A's+i = {1 + r(l - T, )}y4' + {1 - T„, {wx‘es ) - Tp }wx‘e, + 6' + a' - {1 + T, (Ci )}C‘ , 

(4.3) 

where represents the amount of assets held by the household at the beginning 
of age ^ + 20, r the interest rate, w the wage rate per efficiency unit of labor, and 
6s the age profile of earnings ability for the household that belongs to the 
medium-income class.^ is the amount of public pension benefit, and ai is the 
amount of bequest to be inherited at age 5 + 20. z^(wx'es) is the tax rate on labor 
income, zdQ) that on consumption, that on interest income, and Tp is the con- 
tribution rate to the public pension scheme, x' is the weight coefficient corre- 
sponding to the different levels of labor endowments among the three income 
classes. The medium-income class is used as a yardstick, and thus x"^ = 1. x^ and 
x^ reflect the realistic difference of earnings ability across the three income 
classes. 

Variables related to the public pension program in a pay-as-you-go system are 
represented by 



fbi=QH^ (s>ST) 
U: =0 (skSTY 



(4.4) 



^ To estimate the age profile of earnings ability, the following equation is employed: 

Q = ciq + ciiA + Q2A^ + CI3L + , 

where Q denotes average monthly cash earnings, A age, and L the length of one’s service 
for men workers. Table 4.1 presents the estimated parameter values using data from the 
Basic Survey on Wage Structure 1998 by the Ministry of Labor. In Japan, bonuses account 
for a large part of earnings. Therefore, monthly cash earnings used here also contain 
bonuses. 



Table 4.1. Estimation of the age profile of earnings ability 



ao 


Ui 


U2 




^4 


-0.46367 


0.09931 


-0.001265 


0.11744 


-0.001067 


(-1.2088) 


(3.6855) 


(-4.9937) 


(3.3820) 


(-1.1799) 



5.F. = 0.0528 
= 0.9976 
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where the age at which each household starts to receive public pension benefits 

is 5T + 20, the average annual remuneration is H'\ 

V RE J 

replacement ratio is 6. 

When BQi is the sum of bequests inherited by 50-year-old households at period 
t, « 3 o is defined by 



«30 = 



BQi 

NtPioil + n) 



(4.5) 



where 



BQI =N,Y,iPs -p.+,)(l + A. 



5=1 



Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. 

From the utility maximization problem, the equation expressing evolution of 
consumption over time for each household is characterized by 



CL = 



f AtlM l + Kl-Tr) 
I Ps J1 1 + 5 



l+jTe(C-) 



ci. 



(4.6) 



If the initial consumption level. Cl, is specified, optimal consumption behavior of 
all ages can be calculated from Eq. 4.6. The amount of assets held by each house- 
hold at each age can be obtained from Eq. 4.3. The expected lifetime utility of 
each household is derived from Eq. 4.2. 

The social welfare function, which takes account of the difference in earnings 
ability and thus resulting in the different levels of consumption, is given by 



SW = q^U^ 



(4.7) 



where q' (i = /, m, h) is the weight coefficient given to each income class. This 
function is derived from a summation of the expected lifetime utilities at age 21 
for the three income classes. 

With regard to the basic structure of firms, a single production sector is 
assumed to behave competitively using capital and labor, subject to a constant- 
returns-to-scale production function. See Appendix 4.A for the basic structures 
of firms and the government, and market equilibrium conditions. 



4.3 Simulation Analysis 
4.3.1 Simulation Cases 

In order to capture the altered demographics in Japan from the current time of 
2000 to 2025, we consider the two demographic regimes, namely, current and 
aged. Alternative tax bases are contrasted in the economy with the age structure 
projected for 2025, through comparing steady states. Case A is the benchmark of 
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Table 4.2. Parameter values that characterize the two steady states 



Parameter 


Current steady state 


Aged steady state 


Survival probabilities (p J 


2000 


2025 


Growth rate of successive cohorts (n) 


0.01056 


-0.00515 


New entrants in period t (Nt) 


1.5 


0.9154 


Rate of technological progress (0) 


0 


0.1012 


Labor supply (L,) 


199.62 


190.12 


Contribution rate (ip) 


0.1735 


0.3082 



the 2000 current steady state. In Case A, the tax system on labor income has a 
realistic progressiveness (see Sect. 4.3.2 for the assignment of the parameter 
values that determine tax progressivity, a and j8), and the tax rates on consump- 
tion and interest income are 5% and 20%, respectively. 

Case B is the benchmark of the aged steady state projected for 2025, in which 
tax rates on the three tax regimes are entirely the same as in Case A. If in Case 
B, a progressive labor income tax covers the total revenue, this case is then 
labeled Case B-1. If in Case B-1, a proportional labor income tax replaces a 
progressive one, this case is then labeled Case B-1*. Similarly, if in Case B, a 
progressive expenditure tax covers the overall revenue, this case is then labeled 
Case B-2. If in Case B-2, a proportional expenditure tax replaces a progressive 
one, this case is then labeled Case B-2*. 

The Case-B simulations consider an aged society in 2025: the difference with 
Case A is in the population structure and the level of labor endowments. Dif- 
ferent survival probabilities (ps) and different growth rates of successive cohorts 
(n) create different age structures of the population between the two demo- 
graphic regimes (see Table 4.2 for the parameter values that characterize the two 
steady states). 

In an aging society, Japan faces a decline in the proportion of working popu- 
lation, with a subsequent decrease in aggregate output (Y^); hence, it raises the 
ratio of the total tax revenue (Tt) to aggregate output (Y^), which represents a 
substantial increase in tax burden in an aged state. We assume that a rise in labor 
endowments covers this extra tax burden caused by the transition from the 
current to the aged states. To avoid a rise in tax rates in an aged state, we intro- 
duce the technological progress (0) that enhances the labor endowments. Thus, 
it should be noted that in the Case-B simulations, (1 + 0)^^ replaces e,. The tech- 
nological progress (0) is chosen so that the tax structure (including the tax rates 
on the three tax bases) in Case A generates the same amount of the tax revenue 
in Case B. 

In order to ascertain the clear effects of tax reforms, we assume tax revenue 
neutrality for all the simulation cases. New entrants in period t (Nt) are adjusted 
so that the number of households is the same between the current and aged cases. 
Thus, the size of population is the same for all cases. The government expendi- 
ture per household is exogenously given and constant for all cases. Therefore, the 
overall tax revenue (Tt) is exogenous and the same across all simulation cases. 
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Table 4.3. Parameter values used in simulation analysis 



Parameter description 


Parameter values 


Adjustment coefficient for discounting the future 


5 =-0.022 


Intertemporal elasticity of substitution 


7=0.2 


Elasticity of substitution in production 


Q 

II 

o 

b^ 


Weight parameter in production 


e = 02 


Scale parameter in production 


R = 0.942 


Government expenditure for each cohort 


g = 0.38502 


Retirement age 


RE = 40 


Starting age for receiving public pension benefits 


ST =45 


Replacement ratio for public pension 


0=0.55119 



43,2 Specification of Parameters 

Table 4.3 presents the parameter values used in the simulation. This chapter 
investigates the implications of alternative tax policies for an aging Japanese 
economy. Hence, we choose parameter values that are realistic for the economy. 
In the benchmark Case A, the economic variables, such as the ratio of capital 
to income (K/Y) or that of capital to labor (K/L), are close to actual values of 
2000. 

We introduce the technological progress (0) in a transition from the current 
time to 2025. With 10.12% technological progress for 25 years (i.e., 0.39% per 
annum), the same tax rates on the three taxes can generate the same total 
revenue between the current and aged benchmark cases. With regard to the 
public pension system, the replacement ratio of pension payments (6) in Case A 
is chosen so that the contribution rate (r^) equals the actual value of 17.35% in 
employee pension plans (Kosei Nenkin) in 2000. 

First, survival probabilities (p,) are calculated from the Population Projections 
for Japan 1996-2100, a 1997 publication by the Institute of Population Problems 
of the Ministry of Health and Welfare. Our model makes no sex distinction, and 
thus this study uses the male-female average values for 2000 and 2025. Follow- 
ing the estimation using the above data, the percentages of aged population (65 
or above) to the total population (21 or above) in 2000 and 2025 are 22.04% and 
33.86%, respectively. The common growth rates of successive cohorts (n) are 
chosen so that the percentages in the simulation are the same as these estimated 
values. 

Next, the method of assigning the weight given to labor endowments for each 
income class, namely, low, medium, and high, is explained. We use data that 
includes all ranges of individual income taxes, by adding two sources: data for 
income tax collected at the tax office; and data for self-assessed income tax. 
The data is based on the Statistical Year Book of National Taxes (Kokuzeicho 
Tokei-Nenposho) 1997, National Tax Administration Agency, Japan (1999). Table 
4.4 suggests that the weight coefficient on each income class, i.e., f, and q^, is 
estimated based on each number of people. Similarly, each weight coefficient of 
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Table 4.4. Income distribution and taxes of households 



Income 

class 


Number of 
persons 
(thousand 
persons) 


Proportion of 
the income 
class 


Total amount 
of income 
(billion yen) 


Weight on 
labor 
efficiency 


Total amount 
of taxes 
(billion yen) 


Proportion of 
the amount 
of taxes (%) 


Low 


18258 


q‘ = 0.3410 


32972 


y = 0.5120 


972 


6.49 


Medium 


16337 


q"- = 0.3052 


64403 


x'” = l 


2473 


16.52 


High 


18940 


?'■ = 0.3538 


161 125 


x'’ = 2.5018 


11520 


76.98 


Total 


53535 


1 


258500 




14964 


100.00 



Source: Statistical Year Book of National Taxes 1997, National Tax Administration Agency, Japan (1999) 



earnings ability, namely, x\ x"", and is estimated based on each amount of 
income. 

Finally, the method of assigning the parameter values on the degree of tax pro- 
gressivity, namely, a and j8, is described. The parameters on labor income in the 
benchmark Case A are chosen so that for the three income classes, the ratios of 
tax revenue from labor income are the same as the realistic ratios indicated by 
Table 4.4. The overall average tax rate on labor income is set to 5.79% that is led 
by the above data. 

We assigned the parameter values on labor income in Case B-1 (progressive 
labor income taxation) and on expenditure in Case B-2 (progressive expenditure 
taxation). It is difficult to get a strictly identical degree of tax progressivity across 
the three simulation cases with the different tax structure, namely, B, B-1, and 
B-2. Hence, we have decided to assign the parameter values so that for each 
income class, the total tax revenue (i.e., the sum of the three kinds of tax regimes) 
is the same across the three cases (see Table 4.5 for the assignment of parame- 
ter values on tax progressivity). 



4.4 Simulation Results 

We compare progressive labor income taxation and progressive expenditure tax- 
ation in terms of efficiency and equity. The Case-B simulations in the aged steady 
state are the main focus of the discussion below, because we are interested in 
how tax reforms will affect the economy of an aging Japan in the future (see Table 

4.5 for the simulation results in the current and aged states). 

4.4.1 Findings and Their Interpretation 

First of all, different tax regimes are evaluated using the social welfare function 
that takes efficiency and equity into account in a comprehensive way. Among all 
Case-B simulations, progressive expenditure taxation (Case B-2) attains the 
highest level of social welfare (-8.53). Progressive labor income taxation (Case 
B-1) is the next highest with -13.06, and finally the current tax system (Case B) 
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with -14.72. The main reason is that progressive expenditure taxation stimulates 
more capital formation than progressive labor income taxation. 

Next, we focus on the difference in the K/L ratio between the current and aged 
state cases. In the current benchmark Case A of 2000, the ratio is equal to 2.98. 
However, in the aged benchmark Case B projected for 2025 it decreases to 2.88. 
This is because in an aging society, there are many cohorts that dissave their assets 
based on a life-cycle motive. The tax policies that enhance capital accumulation 
are required in an aging society in terms of efficiency. Therefore, we recommend 
progressive expenditure taxation as the most desirable tax regime, especially in 
an aging Japan where the capital stock would decline. Below, progressive labor 
income taxation and progressive expenditure taxation are first compared in terms 
of efficiency, and then in terms of social welfare. 

1. Comparison of the two tax systems in terms of efficiency 

The simulation results suggest that the capital stock is larger under an expendi- 
ture tax than under a labor income tax, whether it is progressive or proportional 
taxation. Under progressive expenditure taxation (Case B-2) the K/L ratio is 3.70, 
while it is 2.47 under progressive labor income taxation (Case B-1). Progressive 
expenditure taxation brings forth much more capital accumulation than progres- 
sive labor income taxation. Hence, progressive expenditure taxation is preferable 
to progressive labor income taxation in terms of efficiency. 

2. Comparison of the two tax systems in terms of social welfare 

The level of social welfare is much higher under progressive expenditure taxa- 
tion (Case B-2) than under progressive labor income taxation (Case B-1): the 
corresponding values are -8.53 and -13.06, respectively. It should be noted that 
the social welfare function represented by Eq. 4.7 depends on aspects of both 
efficiency and equity. With regard to efficiency, an expenditure tax stimulates 
more capital formation than a labor income tax. Social welfare is -9.43 under 
proportional expenditure taxation (Case B-2*) and it is -15.77 under propor- 
tional labor income taxation (Case B-1*). With regard to equity, progressive 
taxation reduces the dispersion of income distribution. Hence, the move from 
proportionality to progressivity improves social welfare, whether the tax base is 
labor income or expenditure. 



4.4.2 Effects of the Two Tax Systems on 
Capital Accumulation 

1. Capital increasing effect of progressive taxation 

Under the taxation on labor income or expenditure, the transfer from propor- 
tionality to progressivity increases the K/L ratio. With the switching from Case 
B-1* to B-1, the ratio increases from 2.36 to 2.47. Similarly, in transferring from 
Case B-2* to B-2, the K/L ratio increases from 3.61 to 3.70. This is because our 
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Savings 




Fig. 4.1. Age profiles of savings for the high-income class in Cases B-1 and B-2 



model assumes an inelastic labor supply: tax progressivity has no negative impacts 
on labor supply. If the tax-induced disincentive effect on labor supply were taken 
into account, moving to progressive taxation would not always enhance capital 
accumulation. 

Progressive taxation stimulates capital formation through a change in the 
timing of taxation. This is verified if progressive labor income taxation is imple- 
mented under a pay scale based on seniority, or if progressive expenditure taxa- 
tion is introduced under the age profile of consumption with an upward slope. 
This “capital-increasing effect” is caused by changing the timing of taxation to 
occur later in the life cycle under tax progressivity. If labor income or consump- 
tion grows over the life cycle, households accumulate more assets to maximize 
their lifetime utility (see Chap. 3 for further details of the capital-increasing 
effect). 

Figures 4.1 and 4.2 present the age profiles of savings and assets, respectively, 
for Cases B-1 and B-2. Under progressive expenditure taxation (Case B-2), an 
increase in the tax burden at a later age requires individuals to have a larger 
amount of savings, resulting in more assets. 

2. Effects of progressive expenditure taxation on capital accumulation 

Progressive expenditure taxation brings about more capital formation than pro- 
gressive labor income taxation. A high level of capital accumulation under 
progressive expenditure taxation (Case B-2) is dependent mainly on the large 
amount of assets of the high-income class. In Case B-2 the assets of the high- 
income class account for 65.5% of the capital stock, while those in Case B-1 
(progressive labor income taxation) make up only 62.2%. 
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Assets 




Fig. 4.2. Age profiles of assets for the high-income class in Cases B-1 and B-2 



With the move from Case B-2* to B-2 under an expenditure tax, the assets of 
the high-income class rise by 3.5%. In transferring from Case B-1* to B-1 under 
a labor income tax, they increase by only 0.4%. This observation suggests that 
under an expenditure tax, the assets of the high-income class increase substan- 
tially with the transition from proportionality to progressivity. Thus, under pro- 
gressive expenditure taxation, the capital-increasing effect works strongly for the 
high-income class. 

This is because by a property of progressivity, the changes in tax rates for the 
high-income class are more striking than those for the low or medium-income 
classes during the life cycle. In Case B-2, for the high-income class the change in 
tax rates on expenditure ranges from 13.0% to 15.3% in an entire lifetime. That 
for the low-income class ranges only from 10.4% to 10.8%. Therefore, the high- 
income class has a greater capital-increasing effect of progressive taxation. 



4.4.3 Effects of the Two Tax Systems on Individual Behavior 

If labor income or consumption grows over the life cycle, both of the progressive 
tax regimes change the timing of taxation to occur later in the lifetime. Progres- 
sive labor income taxation changes the time path of disposable labor income, 
while progressive expenditure taxation distorts the intertemporal consumption 
choice. The distortions of progressive labor income taxation are first investigated, 
and then those of progressive expenditure taxation are evaluated.^ Finally, our 
simulation results are compared with those obtained by Auerbach and Kotlikoff 
(1987) with an elastic labor supply. 



^See Seidman (1997) for the details of a progressive consumption (expenditure) tax. 
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Disposable 
labor income 




Fig. 4.3. Age profiles of disposable labor income for the high-income class in Cases B-1 
and B-2 



1. Effects of progressive labor income taxation on individual behavior 

Because our model assumes an inelastic labor supply, progressive labor income 
taxation has no negative impacts on labor supply. Hence, the effects of progres- 
sive labor income taxation are restrictive in our analysis. Given the age profile 
of labor income with an upward slope, progressive labor income taxation changes 
the time path of after-tax labor income, namely labor income minus the tax and 
contributions to the public pension program. 

Figure 4.3 shows that the slope of the age profile of disposable labor income 
is much gentler under progressive labor income taxation (Case B-1) than under 
progressive expenditure taxation (Case B-2). Figure 4.4 suggests that the slope 
of the profile is gentler under tax progressivity (Case B-1) than under propor- 
tionality (Case B-1*). Under the assumption of an inelastic labor supply, only the 
income effect exists when the time path of disposable income changes. 

2. Distortions of progressive expenditure taxation on 
individual behavior 

Under progressive expenditure taxation, households make the level of con- 
sumption (or expenditure) in each age more equal over the life cycle. This is 
because households that maximize their lifetime utility tend to avoid having high 
tax rates. Figure 4.5 shows that the slope of the age profile of consumption is 
even gentler under progressive expenditure taxation (Case B-2) than under 




4.4 Simulation Results 69 



Disposable labor 
income 




Fig. 4.4. Age profiles of disposable labor income for the high-income class in Cases B-1 
and B-1* 



Consumption 




Fig. 4.5. Age profiles of consumption for the high-income class in Cases B-1 and B-2 
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Fig. 4.6. Age profiles of consumption for the high-income class in Cases B-2 and B-2* 



progressive labor income taxation (Case B-1). Figure 4.6 suggests that the slope 
of the profile is gentler under tax progressivity (Case B-2) than under propor- 
tionality (Case B-2*). 

When an expenditure (or consumption) tax is progressive and rates rise with 
age as considered in this chapter, it distorts the intertemporal consumption 
choice, as represented by Eq. 4.6. Rising marginal consumption tax rates, like 
an interest income tax, raise the price of future consumption relative to current 
consumption. Through this channel, progressive expenditure taxation distorts the 
household’s intertemporal consumption decisions. Hence, we might expect this 
distortion to lead to a substantial reduction in savings, and thus in the long-run 
capital stock. However, our simulation results suggest that progressive expendi- 
ture taxation brings about much more capital formation than progressive labor 
income taxation. 

3. Comparison with the simulation results in an earlier study 

Auerbach and Kotlikoff (1987) assumed an elastic labor supply and their study 
suggested that household behavior is distorted less under an expenditure (or con- 
sumption) tax than under a labor income tax, especially in the case of progres- 
sive taxation. This is supported with two observations: one is that with the move 
from proportionality to progressivity, the capital stock declines less under a 
consumption tax than under a labor income tax, which continues to leave the 
intertemporal consumption decisions undistorted. The other is that with the 
transfer from proportionality to progressivity, labor supply decreases less under 
a consumption tax than under a labor income tax. 
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Because we assume an inelastic labor supply, in this respect, progressive labor 
income taxation in our model has an advantage over progressive expenditure tax- 
ation. Our simulation results, nevertheless, indicate that progressive expenditure 
taxation is superior to progressive labor income taxation in terms of efficiency. 
This fact should be stressed when we recommend progressive expenditure taxa- 
tion as a desirable tax regime in an aging Japan.^ 

We take account of the effects of demographics by comparing the two steady 
states, namely, current and aged. Thus, our analysis lacks consideration of a tran- 
sitional path. A change from a labor income tax to a consumption tax creates 
income transfers among generations during the transition. At the onset of policy 
reform, the elderly who had already paid their labor income tax will have to pay 
an additional consumption tax. Because this generation would suffer from a 
double burden, the transition to a consumption tax is not Pareto improving. As 
this fact is well known, the conclusion that recommends a consumption tax will 
be required to provide further justification, that is, to suggest measures to avoid 
a double burden during the transition. 

4.5 Conclusions 

This chapter has examined the quantitative effects of tax reform from progres- 
sive labor income taxation to progressive expenditure taxation on efficiency and 
equity in Japan, a society with an aging population. To analyze this problem, we 
have employed a comparative steady state simulation approach for an extended 
life-cycle general equilibrium model of overlapping generations with different 
lifetime earnings ability. The simulation results suggest some advantages of a new 
tax system of progressive expenditure taxation. Three major conclusions have 
been drawn from the simulation. 

First, the capital stock would decline with population aging, because there 
are many cohorts that dissave their assets based on a life-cycle motive. 
Progressive expenditure taxation stimulates more capital accumulation than 
progressive labor income taxation. The assets of the high-income class play a sig- 
nificant role for capital formation under progressive expenditure taxation. In 
terms of efficiency, progressive expenditure taxation is superior to progressive 
labor income taxation. 

Second, progressive expenditure taxation distorts the household’s intertempo- 
ral consumption decision. Given the age profile of consumption with an upward 
slope, the taxation distorts individual behavior through raising the price of 
future consumption relative to current consumption. Our simulation results, 
nevertheless, suggest that household behavior is distorted less under progressive 
expenditure taxation than under progressive labor income taxation. It should 
be noted that this result has been obtained on the assumption of an inelastic 



^Kaldor (1955) claims that the implicit taxation of individuals with vast inherited wealth 
via an expenditure tax is a final goal. 
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labor supply. The findings of Auerbach and Kotlikoff (1987) with an elastic 
labor supply enable us to undertake the estimation that follows: if labor supply 
were assumed to be elastic in our model, progressive expenditure taxation would 
bring forth even more favorable results than progressive labor income taxation. 

Third, progressive expenditure taxation attains the highest level of social wel- 
fare when taking efficiency and equity into account in a comprehensive way. There- 
fore, this taxation is preferable to other tax systems such as progressive labor 
income taxation or the current Japanese system. We recommend progressive ex- 
penditure taxation as a desirable tax regime in an aging Japan. 

4.5.1 How Can a Progressive Expenditure Tax 
Be Implemented? 

Finally, we present the concrete measures of carrying out progressive expendi- 
ture taxation. Conceptually, it is easy to introduce progressive expenditure taxa- 
tion. The feasibility of implementing progressive expenditure taxation, however, 
contains a serious problem in the real world: that is to measure and grasp 
the figures of each individual’s expenditure. For its implementation, it is neces- 
sary to grasp the total amount of annual expenditure for each household. This 
implies that a tax authority has to grasp the whole picture of consumption activ- 
ities of each individual in detail. How can we measure a tax base that is defined 
by expenditure? We propose that it is feasible to measure it with the method that 
follows. 

There is a relation that states income is equal to consumption (or expenditure) 
plus savings. If the amounts of both income and savings are available for each 
individual, the balance is equal to the amount of expenditure. The income figure 
is efficiently obtained using the current Japanese system of withholding taxes 
at the income source. The savings figure can be obtained through the self- 
assessment system. It should be emphasized that the self-assessment of savings 
is the exact opposite to that of income in terms of an individual incentive. The 
more an individual declares savings, the lower tax rates on expenditure the indi- 
vidual has. This is entirely in contrast to the case of the self-assessment of income. 

The savings figure can be consolidated using an electronic financial system. All 
financial institutions are requested to report the total amount of financial assets 
held by each individual with an individual tax number (or a social security 
number) to a tax office. Thus, the tax office is able to grasp the overall wealth of 
each individual. Of course, this feasibility depends solely on the development of 
a computer-based financial system. The introduction of progressive expenditure 
taxation is our recommendation in the long-term perspective. 



Appendix 4.A 

Section 4.2 describes the basic structure of households. This appendix presents 
those of firms and the government, and market equilibrium conditions. 
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Firm Behavior 

The production function is assumed to be of the constant elasticity of substitu- 
tion form: 



Y,=B\ 



sK, ° +(l-e)L, ° 



(4.8) 



where Yt represents the total output, Kt the total capital, Lt the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and a the elasticity of substitution 
between Kt and Lt. Using the property subject to a constant-returns-to-scale 
production function, we can obtain the following equation: 

Yt=rKt^wLt. (4.9) 



Government Behavior 



The budget constraint of the narrower government sector at time t is given by 

Gt=Tt. (4.10) 

where Gt is government spending on goods and services in year /, and Tt is the 
total tax revenue from labor income, interest income, and consumption. 
The public pension program is assumed to be a simple pay-as-you-go system. 
The budget constraint of the pension sector at time t is given by 



Rt=Bt, (4.11) 

where Rt is the total contribution to the pension scheme, and Bt is the total 
pension benefit to generations of age ST +20 and above. 

Gt, Tt, Rt, and Bt are defined by 

+ (4.12) 

5=1 

T, = LX, + tMS, + CX, , (4.13) 

Rt=XpwU, (4.14) 

5, = N, X PsO- + ny^'~^\q^b[+q"'bf +q’'b^}, (4.15) 

s=ST 



where g is annual government expenditure for each cohort. LXt and CXt are tax 
revenues from labor income and consumption (or expenditure), respectively. 
Because we consider the existing proportion of each income class, the revenues 
are derived from a weighted summation of the three income classes: 



RE 1 1 r r 1 

LXt =NtYjP,(l + n)~^'~^^ q^\awxUs+-^{wx^esy 



L I 



+ q'^\awx'^es + +^p{wx^6sf 



(4.16) 
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+ q'”\aCT +|)8(Cr)'}+^'‘{aC^ . (4.17) 

Similarly, the total public pension benefit, Bt, aggregate assets supplied by 
households, ASt, and aggregate consumption, ACt, are obtained by a weighted 
summation of the three income groups: 

AS, =N,^pAl + ny^'^'\q‘A[ +q>"AT +q''A^], (4.18) 

5=1 

AC, =N,f^p,0^ + n)~'^'~^\q‘Ci+q'"C? +q^C^]. (4.19) 

5=1 

Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

1. Equilibrium condition for the capital market 

AS,=K,. (4.20) 

2. Equilibrium condition for the labor market 

RE 

L( = N[^Ps{l-^n) ' ^ {q‘x^ +q"^x"^ -\-q^x^}e,. (4-21) 

5=1 

3. Equilibrium condition for the goods market 

Y,=AC^+{K,,,-K,) + G,. (4.22) 

An iterative program is performed to obtain the equilibrium values of the above 
equations (see Appendix 3.B for the computation process). 




5. Inheritance Taxes and Tax Reforms 
in an Aging Japan* 



This chapter incorporates an inheritance tax into the simulation model employed 
in Chaps. 3 and 4. The inheritance tax adopted here is assumed to arise from the 
unintended bequests consistent with uncertainty regarding the length of individ- 
ual life. The problem of choosing a tax base is discussed once again in this chapter. 
In addition to the three taxes mentioned in Chap. 3, it includes an inheritance 
tax, and thus examines the effect of the four tax regimes on capital formation. It 
also seeks an optimum combination of tax schemes, when a progressive expen- 
diture tax is adopted as the nucleus tax. 



5.1 Introduction 

The purpose of this chapter is to establish guidelines for structural tax reforms 
in Japan, a society with an aging population. The appropriate combinations of 
four tax bases, namely, labor income, interest income, consumption, and bequests, 
are quantitatively investigated using a numerical simulation approach. This 
chapter focuses on how an inheritance tax should be assessed in relation to 
other tax schemes, and desirable “tax-mix” policies are considered. The macro- 
economic and welfare effects of alternative tax regimes are evaluated in each of 
two steady states, one with the current Japanese age structure and the other with 
the age structure projected for 2025. 

Nearly all studies based on a life-cycle general equilibrium simulation model 
have analyzed the effects of an aging population on production and consump- 



*This chapter was presented at the International Conference on International Research 
Project on Aging (Japan, China, Korea) at Hosei University in March 2004 (Okamoto 
2004). The author is grateful for insightful comments and suggestions by Professors 
Toshiaki Tachibanaki (Kyoto University), Naosumi Atoda (Keio University), and 
Yoshibumi Aso (Keio University). The author acknowledges the financial support from 
the Ministry of Education, Culture, Sports, Science and Technology of Japan (Special 
Assistance for Promoting the Advancement of the Education and Research of the Private 
Universities) to Hosei University for the International Research Project on Aging (Japan, 
China, Korea). 
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tion, and thus on economic growth. When dealing with tax reforms, however, it 
is vital to evaluate not only efficiency but also equity. We employ an extended 
life-cycle model of overlapping generations with different earnings ability. 
This enables us to examine equity issues in addition to efficiency issues. Thus, 
this chapter should present comprehensive and useful guidelines for tax 
reforms. 

The main theme of this chapter is to explicitly handle an inheritance tax. There 
have been many papers that have studied the selection of tax bases using this 
kind of model, including those of Auerbach and Kotlikoff (1983a, 1983b, 1987), 
Auerbach et al. (1989), Altig et al. (2001), and Homma et al. (1987a). Nearly all of 
them, however, dealt with only a labor income tax, a consumption tax, and an 
interest income (i.e., capital income) tax. We assess an inheritance tax, by intro- 
ducing a life-cycle model into the bequest motive and inheritances that seem to 
be realistic in the current Japan.^ Empirical evidence such as Kotlikoff and 
Summers (1981) suggests that bequests represent an important component of 
national wealth. The analysis based on a model without bequests may lead to quite 
different results from those by one with a bequest motive. Hence, we should adopt 
a life-cycle model with the realistic bequest motive that prevails in the current 
Japan, in evaluating alternative tax schemes. In a setting with significant intergen- 
erational transfers, we evaluate welfare effects of various tax systems. 

This chapter is organized as follows: Sect. 5.2 identifies the basic model 
employed in simulation analysis. Section 5.3 explains the method of simulation 
analysis and the assumptions adopted. Section 5.4 evaluates the simulation find- 
ings and discusses policy implications. Section 5.5 summarizes and concludes the 
chapter. 

5.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1997. The model has 75 different overlapping generations. Three 
types of agents are considered: households, firms, and the government. Because 
the basic model in this chapter is the same as in Chap. 3, see Sect. 3.2 for detailed 
explanation. The basic structure of households is as follows. 

5.2.1 Household Behavior 

Let be the conditional probability that a household of age j -i- 20 lives to 
/ -h 21. Then the probability of a household of age 21 surviving until 5 + 20 can 
be expressed by 



^ Kato (1998) and Miyazato and Kaneko (2001) introduced an inheritance tax into a life- 
cycle general equilibrium model. Because those studies focus on the analysis of public 
pension policies, their purpose is different from ours. 
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5-1 

(5-1) 

7=1 

The probability qj+nj is calculated from data estimated in 1997 by the Institute of 
Population Problems of the Ministry of Health and Welfare. The utility function 
of a representative household of income class /, the form of which is assumed to 
be time-separable, is 



U' + (5-2) 

r 

where C/represents consumption (or expenditure) at age 5 + 20, 5 the adjustment 
coefficient for discounting the future, and y the intertemporal elasticity of sub- 
stitution. The superscript i (= /, m, h) stands for low, medium, and high-income 
classes, respectively. 

The flow budget constraint equation for each household at age + 20 is 

AU = {1 + r(l - Tr )}A‘s {wx‘e, ) - Tp }wx‘es + ft' + a‘ - {1 + (Cj )}Cj , 

(5.3) 

where represents the amount of assets held by the household at the beginning 
of age 5 + 20, r the interest rate, w the wage rate per efficiency unit of labor, 
and the age profile of earnings ability for the household that belongs to 
the medium-income class.^ bl is the amount of public pension benefit, and al is 
the amount of bequest to be inherited at age 5 + 20. T^(wx'es) is the tax rate on 
labor income, Tc(C) that on consumption, that on interest income, and Tp is the 
contribution rate to the public pension scheme, x' is the weight coefficient cor- 
responding to the different levels of labor endowments among the three income 



^To estimate the age profile of earnings ability, the following equation is employed: 

Q = Oo + aiA + a2A^ + a3L + a4l}, 

where Q denotes average monthly cash earnings, A age, and L the length of one’s service 
for men workers. Table 5.1 presents the parameter values estimated using data from the 
Basic Survey on Wage Structure 1999 by the Ministry of Labor. In Japan, bonuses account 
for a large part of earnings. Therefore, monthly cash earnings used here also contain 
bonuses. 



Table 5.1. Estimation of the age profile of earnings ability 













-0.680796 


0.111582 


-0.0013685 


0.104218 


-0.0008368 


(-1.73253) 


(4.04878) 


(-5.32310) 


(2.93608) 


(-0.91418) 



S.E. = 0.0534 
= 0.9975 
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classes. The medium-income class is used as a yardstick, and thus x"" = 1. and 
x^ reflect the realistic differences in earnings ability across the three income 
classes. 

Variables related to the public pension program in a pay-as-you-go system are 
represented by 



(bi=GH^ (s>ST) 
(s<ST)' 



(5.4) 



where the age at which each household starts to receive public pension benefits 

.f I RE \ 

is ST + 20, the average annual remuneration is H'\ = ^wx'e^ , and the 

replacement ratio is 6. 

When BQl is the sum of bequests inherited by 50-year-old households at period 
r, « 3 o is defined by 



where 









,P3o{l + ny 



bq; =n, 2 ip, - /7,„, )(i + >i,u, , 

S=1 



(5.5) 



Nf is the number of new households entering the economy as decision-making 
units at period t, n is the common growth rate of successive cohorts, and Th is the 
tax rate on the inheritance of bequests.^ In the steady state of a life-cycle growth 
model, the amount of inheritance received is linked to the age profile of assets 
chosen by individuals. 

From the utility maximization problem, the equation expressing evolution of 
consumption over time for each household is characterized by 



ci 




l + rjl-Tr) 

1 + 5 



^ i+_t.(cQ Y 

V 1 + T(. (Cj+I ) y . 



ci. 



(5.6) 



If the initial consumption level, C{, is specified, optimal consumption behavior of 
all ages can be derived from Eq. 5.6. The amount of assets held by each house- 
hold at each age can be obtained from Eq. 5.3. The expected lifetime utility of 
each household is derived from Eq. 5.2. 

The social welfare function, which takes account of the difference in lifetime 
earnings ability and thus provides the difference in the level of consumption, is 
given by 



^For the simplicity of discussion, this chapter assumes a proportional tax rate on inheri- 
tance, although it is actually progressive. The rate is set to 10%, which is estimated using 
data by the Statistical Year Book of National Taxes (Kokuzeicho Tokei-Nenposho) 1998, 
National Tax Administration Agency, Japan (2000). 
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SW = q^U ^ , (5.7) 

where q' (i = /, m, h) is the weight coefficient corresponding to the existing ratio 
of each income class. This function is derived from a summation of the expected 
lifetime utilities at age 21 for the three income classes. 

With regard to the basic structure of firms, a single production sector is 
assumed to behave competitively using capital and labor subject to a const ant- 
returns-to-scale production function. See Appendix 5.A for the basic structures 
of firms and the government, and market equilibrium conditions. 



5.3 Simulation Analysis 

5.3.1 Method of Simulation 

The simulation model presented in the previous section is solved under the 
hypothesis of perfect foresight by households. Households correctly antici- 
pate the interest, wage, and tax rates. If tax and public pension systems are deter- 
mined, the model can be solved using the Gauss-Seidel method (see Appendix 
5.B for the computation process). 

5.3.2 Simulation Cases 

We consider two demographic regimes, that is, the current steady state of 2000 
and the aged steady state of 2025. Case A is the current benchmark of Japan 
2000. Case B is the benchmark of the aged Japan projected for 2025. Cases A and 
B differ in the population structure. Different survival probabilities (ps) and 
different growth rates of successive cohorts {n) create different age structures 
of the population between the two demographic regimes (see Table 5.2 for the 
parameter values that characterize the two steady states). 

In an aged steady state, Japan faces a decline in the proportion of working pop- 
ulation, with a subsequent decrease in aggregate output (Y^); hence, it raises the 
ratio of the total tax revenue (T) to aggregate output (Y^), which represents a 
substantial increase in tax burden in an aged state. A consumption tax covers the 
extra tax burden caused by the transition from the current to the aged state, under 
revenue neutrality. 



Table 5.2. Parameter values that characterize the two steady states 



Parameter 


Current steady state 
(Case A) 


Aged steady state 
(Cases B and C) 


Survival probabilities (p*) 


2000 


2025 


Growth rate of successive cohorts in) 


0.01056 


-0.00515 


New entrants in period t {N) 


1.5 


0.9154 


Labor supply (L^) 


153.22 


132.51 


Contribution rate (t^) 


0.1735 


0.3082 
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In Case B-1, a progressive expenditure tax covers the overall tax revenue. 
Cases B-2 and B-3 are the tax-mix cases, in which there is an inheritance tax in 
addition to the tax regime. The Case-B simulations in an aged state are the main 
focus of discussion because we are interested in how tax reforms will affect the 
Japanese economy in the future. Moreover, Case-C simulations (which consist 
only of proportional tax systems) are considered in an aged situation, to focus 
on the problem of choice of tax bases. The Case-C simulations enable us to ascer- 
tain the clear effects of alternative tax regimes on capital accumulation. 

The simulation cases employed in this chapter are as follows (see Tables 5.3 
and 5.4 for the simulation cases and empirical results). 

1. Case A (Benchmark of the 2000 current state) 

The tax system on labor income has a realistic progressiveness (see Sect. 5.3.3 
for an estimation of the parameter values that determine tax progressivity, a 
and P). The tax rate on consumption is 5%, that on interest income is 20%, 
and that on the inheritance of bequests is 10%. 

2. Case B (Benchmark of the 2025 aged state) 

The above four tax regimes are used in entirely the same manner as in Case 
A. A consumption tax covers the extra tax burden caused by transition to an 
aging society. 

3. Case B-1 (Progressive expenditure tax) 

In Case B, a progressive expenditure tax covers the overall tax revenue. Labor 
and interest incomes, and inheritance are not taxed. 

4. Case B-2 (Tax-mix policy with a 50% inheritance tax) 

In Case B-1, a 50% inheritance tax and a progressive expenditure tax cover 
the overall tax revenue. Labor income and interest income are not taxed. 

5. Case B-3 (Tax-mix policy with a 100% inheritance tax) 

In Case B-1, a 100% inheritance tax and a progressive expenditure tax cover 
the overall tax revenue. Labor income and interest income are not taxed. 

6. Case C (Benchmark under the entirely proportional tax systems) 

In Case B, a proportional labor income tax replaces a progressive one. Thus, 
the whole tax system is made completely proportional. 

7. Case C-1 (Inheritance tax versus consumption tax) 

In Case C, the tax rate on inheritance is raised to 50%, and that on con- 
sumption is reduced under revenue neutrality. Tax rates on labor income and 
interest income remain the same as in Case C. 

8. Case C-2 (Inheritance tax versus labor income tax) 

In Case C, the tax rate on inheritance is raised to 50%, and that on labor 
income is reduced under revenue neutrality. Tax rates on consumption and 
interest income remain the same as in Case C. 
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Table 5.4. Effects of alternative tax bases on capital accumulation in the 2025 aged steady state 
under proportional taxation 





Case C 
(Benchmark; 
proportional 
tax) 


Case C-1 
(Inheritance tax 
vs. consumption 
tax) 


Case C-2 
(Inheritance 
tax vs. labor 
income tax) 


Case C-3 
(Inheritance 
tax vs. interest 
income tax) 


Case C-4 
(Labor 
income tax 
vs. interest 
income tax) 


Tax rate on labor 


0.0630 


*0.0630 


0.0414 


*0.0630 


0.0379 


income (t^,) 


Tax rate on 


*0.0677 


0.0470 


*0.0677 


*0.0677 


*0.0677 


consumption {tJ) 


Tax rate on 


*0.2000 


*0.2000 


*0.2000 


0.0057 


*0.4000 


interest income (t^ 


Tax rate on 


*0.1 


*0.5 


*0.5 


*0.5 


*0.1 


inheritance {Tf) 


Capital-labor ratio 


2.751 


2.706 


2.891 


2.927 


2.705 


(K/L) 


Interest rate (r) 


0.0452 


0.0463 


0.0420 


0.0412 


0.0463 


Wage rate (w) 


0.9756 


0.9726 


0.9846 


0.9869 


0.9725 


(Low) Utility ([/) 


-13.364 


-13.599 


-12.715 


-13.501 


-12.664 


(High) Utility (U") 


-0.835 


-0.850 


-0.795 


-0.844 


-0.792 


Social welfare (5W) 


-5.893 


-5.996 


-5.606 


-5.953 


-5.584 



Asterisks (*) before the rate indicate that the variable is exogenous 



9. Case C-3 (Inheritance tax versus interest income tax) 

In Case C, the tax rate on inheritance is raised to 50%, and that on interest 
income is reduced under revenue neutrality. Tax rates on labor income and 
consumption remain the same as in Case C. 

10. Case C-4 (Interest income tax versus labor income tax) 

In Case C, the tax rate on interest income is raised to 40%, and that on labor 
income is reduced under revenue neutrality. Tax rates on consumption and 
inheritance remain the same as in Case C. 



5.3.3 Specification of Parameters 

Table 5.5 presents the parameter values used in the simulation. This chapter 
examines the implications of several tax policies for an aging Japanese economy. 
Hence, we choose parameter values that are realistic for the economy. In the 
benchmark Case A, the economic variables, such as the ratio of capital to income 
(K/Y) or that of capital to labor (K/L), are close to actual values of 2000. 

First, survival probabilities (p^) are calculated from the Population Projections 
for Japan 1996-2100, a 1997 publication by the Institute of Population Problems 
of the Ministry of Health and Welfare. Our model makes no sex distinction, and 
thus this analysis uses the male-female average values for 2000 and 2025. Based 
on the above data, the percentages of aged population (65 or above) to the total 
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Table 5.5. Parameter values used in simulation analysis 



Parameter description 


Parameter values 


Adjustment coefficient for discounting the future 


<5 =-0.022 


Intertemporal elasticity of substitution 


(N 

O 

II 


Elasticity of substitution in production 


(7= 0.6 


Weight parameter in production 


£=0.2 


Scale parameter in production 


B = 0.942 


Government expenditure for each cohort 


g = 0.3111 


Retirement age 


RE = 40 


Starting age for receiving public pension benefits 


ST =45 


Replacement ratio for public pension 


0=0.5512 



Table 5.6. Effective tax rates for national income tax and residence tax of wageworkers 



Income 

class 


Total amount of 
annual income 
(million yen) 


Weight on 
labor 

endowments 


Total amount 
of annual taxes: 
national income tax 
and residence tax 
(thousand yen) 


Effective 
tax rates 
(%) 


Proportion of 
the income 
class 


Low 


5 


X< = 0.7143 


115 


2.30 


q' = 0.3333 


Medium 


7 


JC'"= 1 


319 


4.56 


q"" = 0.3333 


High 


10 


x’' = 1.4286 


859 


8.59 


= 0.3333 



Data given are for a couple with two children 

Source: http://www.mof.go.jp/jouhou/syuzei/siryou/kozin/kozi09.htm, Ministry of Finance, Japan 
( 2001 ) 



population (21 or above) in 2000 and 2025 are 22.04% and 33.86%, respectively. 
Common growth rates of successive cohorts (n) are chosen so that the percent- 
ages in the simulation under two demographic regimes are the same as these esti- 
mated values, respectively. 

Next, the method of assigning the weight given to labor endowments for the 
three income classes is explained. Table 5.6 shows the data from the Ministry of 
Finance (2001). This table presents the effective tax rates of wageworkers on a 
national income tax and a residence tax, with regard to the case of a couple with 
two children. In our model, the three representative households, namely, low, 
medium, and high-income classes, have different earnings ability. Table 5.6 sug- 
gests that each income class, which accounts for one third of the total popula- 
tion, corresponds to the representative household earning 5, 7, and 10 million yen 
on an annual base. The weight on labor endowments for each income class cor- 
responds to the ratio of each amount of income. The medium-income class is used 
as a yardstick, that is, x"" = 1. ^ and are assigned so as to reflect different earn- 
ings ability across the three income classes. 

Third, the method of assigning the parameter values that determine tax pro- 
gressivity on labor income, namely, a and j8, is described. Table 5.6 presents the 
effective tax rate calculated from a national income tax and a residence tax for 
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each income class. The parameters on labor income in the benchmark Case A are 
chosen so that the effective tax rate for each income class in the simulation is 
close to the value indicated by Table 5.6. 

Finally, the method of assigning the parameter values that determine tax pro- 
gressivity on expenditure, namely, a and /3, in Cases B-1, B-2, and B-3 is pre- 
sented. It is difficult to make the degree of tax progressivity identical across some 
simulation cases with different tax structures. Hence, we have decided to assign 
the parameter values so that the overall tax revenue (i.e., the sum of the four 
kinds of tax regimes) from each income class is the same as in Case B. 

With regard to the public pension system, the replacement ratio of pension 
payments (0) in Case A is chosen so that the contribution rate (r^) equals the 
actual value of 17.35% in employee pension plans (Kosei Nenkin) in 2000. 



5.4 Simulation Results 

The aged-state simulations in 2025 are the main focus of the discussion below, 
because we are interested in how tax reforms will affect the Japanese economy 
in the future. Tables 5.3 and 5.4 present the simulation results in the current and 
aged steady states. In this chapter, the influence on capital accumulation is used 
as an indicator of efficiency. This is because under the assumption of an inelastic 
labor supply, the level of the total output depends solely on the level of capital 
stock, as indicated by Eq. 5.8. The social welfare function represented by Eq. 5.7 
includes the aspects of both efficiency and equity. 

5.4.1 Findings and Policy Implications 

1. Changes in capital accumulation in a transition from the current to 
the aged state 

First, we focus on the difference in the K/L ratio between the current and 
aged state cases. The ratio is 3.100 in the 2000 current benchmark Case A, but 
decreases to 2.962 in the aged benchmark Case B projected for 2025. Two pos- 
sible reasons are as follows: one is that in an aging society, there are many 
cohorts that dissave their assets based on a life-cycle motive. The other is that 
the payroll tax (i.e., contribution rate) rises sharply from 17.35% to 30.82%. 
Therefore, tax policies that stimulate capital accumulation may be required in an 
aging society. 

2. Effects of four proportional tax regimes on capital accumulation 

It is useful to compare some simulation cases under proportional taxation (see 
Table 5.4). According to Auerbach and Kotlikoff (1987), the K/L ratio is the 
highest under a consumption tax, followed by a labor income tax, and finally a 
capital income tax (i.e., an interest income tax). Our simulation obtained the 
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same qualitative result. We incorporate the taxation on the inheritance of 
bequests into a life-cycle model. Where is an inheritance tax placed in this order? 
Our simulation results show that it is second: in terms of efficiency, the order of 
priority in a choice of tax bases is consumption, inheritance, labor income, and 
interest income. The K/L ratio under an inheritance tax is fairly high, which is 
close to the ratio under a consumption tax. 

Our simulations projected for 2025 led to the results that follow. We compare 
a consumption tax and the other three taxes (i.e., a labor income tax, an inheri- 
tance tax, and an interest income tax). As a consumption tax covers more tax 
revenue, capital accumulation is promoted, and thus social welfare is improved. 
When comparing an inheritance tax and a labor income tax, the substitution 
of an inheritance tax for a labor income tax stimulates capital formation and 
generates a higher level of social welfare. Therefore, in terms of efficiency, a con- 
sumption tax is the best and an inheritance tax is superior to a labor income tax. 

It is desirable that a consumption tax covers a greater part of the total tax 
revenue. When there are difficulties such as political reasons in raising the tax 
rate on consumption, the tax-mix policy with an inheritance tax should be con- 
sidered because an inheritance tax enhances capital accumulation after a con- 
sumption tax. If the promotion of capital formation is important in Japan, then 
the first consideration may be that a consumption tax replaces an interest income 
tax that badly hinders capital accumulation. 

3. Progressive expenditure taxation 

In switching from Case B (i.e., the benchmark in an aged society) to B-1 (in which 
a progressive expenditure tax covers the overall tax revenue), the K/L ratio rises 
from 2.962 to 3.830. The social welfare improves from -4.723 to -4.262. This result 
shows that an expenditure tax (or a consumption tax) relatively enhances capital 
accumulation, and that incorporating progressivity into an expenditure tax effi- 
ciently reduces the dispersion of lifetime income distribution. In an aging Japan 
where saving rates would decline, stimulating capital formation is significant, and 
the disparity of within-cohort inequality would increase. Hence, we recommend 
a progressive expenditure tax as a final goal in an aging Japan. 

Ohtake and Saito (1998) suggest that younger generations have recently 
tended to face a high consumption inequality from the start of their life cycle in 
Japan, because within-cohort inequality may be transmitted from older genera- 
tions to younger ones through intergenerational transfers. This is known as 
the “cohort effect.” In a society with a high rate of economic growth, like Japan 
in the high-growth era, the difference in labor income creates within-cohort 
inequality. However, once a society has shifted to a stable-growth economy as 
the current Japan, the inheritance of bequests plays more important roles, result- 
ing in higher cohort effects. Thus, significant cohort effects are found not in 
income inequality but in consumption inequality. This shows that consumption 
rather than labor income is appropriate as a tax base for achieving the income 
redistribution. 
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Table 5.7. Changes in the size of four tax bases in a transition from the 2000 current 
steady state to the 2025 aged steady state 



Tax base 


Current benchmark 
Case A (2000) 


Aged benchmark 
Case B (2025) 


Rate of change 
(%) 


Labor income (wL) 


152.76 


131.05 


-14.21 


Interest income (rK) 


17.96 


15.89 


-11.56 


Consumption (AC) 


144.85 


128.23 


-11.47 


Bequests (BQ) 


7.702 


6.869 


-10.82 


Interest rate (r) 


0.0378 


0.0405 


+7.02 


Capital stock (K) 


474.94 


392.46 


-17.36 



4. Changes in the size of four tax bases in a transition to 
an aging society 

Miyajima (1986) proposed the need for the tax-mix policy, namely, a combina- 
tion of some tax bases. The reason is that any single tax base cannot perfectly 
satisfy all conditions that are required of the whole tax system, because it, in 
reality, has some significant defects either functionally or administratively. There- 
fore, even if a progressive expenditure tax is ultimately desirable as the nucleus 
tax scheme, we should consider the tax-mix policy as an actual policy, instead of 
choosing a single tax base. 

As its population ages, Japan faces a decline in the proportion of working 
population, which will result in a drastic decrease in aggregate labor income. 
Hence, consumption, savings, and bequests will also reduce, because they arise 
from labor income. In order to identify a desirable tax-mix policy, we investigate 
changes in the size of tax bases. Table 5.7 shows that the size of four tax bases 
(namely, labor income, interest income, consumption, and bequests) will reduce 
in a transition to an aging society. The decreasing rate is the highest on labor 
income, followed by interest income, and then consumption. It should be noted 
that the decreasing rate is the smallest on the inheritance of bequests. Therefore, 
taxation on inheritance may become increasingly significant in an aging Japan 
(see Appendix 5.C for detailed explanation of why the decreasing rate in 
bequests is the lowest in the transition to an aging society). 

5. Necessity for strengthening an inheritance tax 

Cases B-2 and B-3 present the tax-mix policies with a progressive expenditure 
tax: Case B-2 has a 50% inheritance tax, and Case B-3 a 100% inheritance tax. 
The K/L ratios in Cases B-2 and B-3 are 3.716 and 3.624, respectively. The social 
welfare indicators in Cases B-2 and B-3 are -4.363 and -4.452, respectively. As a 
progressive expenditure tax accounts for a greater part of the total tax revenue, 
it produces a higher K/L ratio and thus improves social welfare. Because an inher- 
itance tax stimulates capital accumulation after an expenditure tax, the combi- 
nation of a progressive expenditure tax and an inheritance tax may be desirable 
as the tax-mix policy. 
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Households allocate income into consumption (i.e., expenditure) and savings; 
under an expenditure tax, the part allocated to savings is not taxed at that time, 
but it will be taxed at a point in time when households dissave in the future. 
However, the bequest, which is eventually a part that is not consumed, is not 
taxed after all. 

Intergenerational transfers, namely, the inheritance of bequests, should be more 
strongly taxed to mitigate within-cohort inequality, especially when an expendi- 
ture tax is adopted as the nucleus tax. For reference, Ohtake and Saito (1998) 
propose that strengthening the redistribution system and raising inheritance taxes 
may enable the Japanese economy to avoid further increases in inequality. There- 
fore, if a progressive expenditure tax is adopted as the nucleus tax regime, then 
taxation on inheritance is significant as a complement tax. 

6. Substitution between an interest income tax and an inheritance tax 
(or a labor income tax) 

In order to identify an optimal combination between an interest income tax and 
an inheritance tax (or a labor income tax), we compared the simulation results 
in Cases C, C-3, and C-4. The results indicate, quantitatively, that the substitution 
of an interest income tax for an inheritance tax (or a labor income tax) may 
improve social welfare in spite of a decline in the capital stock. This signifies that 
a low K/L ratio does not always lead to a low level of social welfare. Hence, for 
the improvement of social welfare, the above substitutions may be useful in some 
cases. 

Equation 5.6 indicates that an interest income tax distorts the individual 
consumption-savings behavior: a rise in the tax rate on interest income raises the 
relative price of future consumption for current consumption. Therefore, house- 
holds maximizing their lifetime utility are likely to substitute current consump- 
tion for future consumption. Thus, the slope of the age-consumption profile 
becomes gentler. 

7. Economic mechanism on an inheritance tax 

With regard to the performance of an inheritance tax, this chapter does not suf- 
ficiently explain an economic mechanism underlying the simulation results."^ The 
effects of an inheritance tax need to be discussed more carefully: why does an 
inheritance tax substantially stimulate capital accumulation? Is it the inheritance 
tax itself, or simply the fact that other tax rates are lower, which produce 
this result? Would such a result hold, irrespective of bequest motives such 
as altruistic motives, strategic motives, or bequest-as-consumption motives?^ We 
should examine the robustness of our simulation result on an inheritance tax. 



"^In terms of the “postponement effect,” Seidman (1983) explained the effect of an inher- 
itance tax. That study suggested that what matters for the capital-labor ratio (K/L) is the 
age when a tax is paid: the later you pay, the higher the ratio. 

^See Ihori (1996) for the details of intergenerational transfers. 
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5.5 Conclusions 

This chapter has developed, calibrated, and simulated a life-cycle general equi- 
librium model of overlapping generations with different earnings abilities, for the 
purpose of clarifying the guidelines for structural tax reforms. We have focused 
on the taxation on intergenerational transfers by introducing an unintended 
bequest motive into the model. This chapter has evaluated the macroeconomic 
and welfare effects of alternative fundamental tax regimes in an aging Japan. 

The simulation results suggest, quantitatively, that the capital stock diminishes 
in the transition to an aging society. The results also indicate that a consump- 
tion tax stimulates capital accumulation and offsets some of the dissaving 
that takes place in an aging population; and a progressive expenditure tax effi- 
ciently reduces the dispersion of lifetime income and enhances overall welfare. 
Therefore, we recommend that progressive expenditure taxation should replace 
progressive labor income taxation on which the current Japanese system mainly 
relies. 

When a progressive expenditure tax is regarded as the tax regime nucleus, an 
inheritance tax is desirable as a complement tax. This is because an inheritance 
tax promotes capital formation after a consumption tax, and because it may 
restrain the recent Japanese tendency that younger generations face a high con- 
sumption inequality from the beginning of their life cycle. In terms of efficiency 
and equity, the combination of a progressive expenditure tax and an inheritance 
tax may be preferable as a realistic tax-mix policy. 



Appendix 5. A 

Section 5.2 describes the basic structure of households in the simulation model. 
This appendix presents those of firms and the government, and market equilib- 
rium conditions: 



Firm Behavior 



The production function is assumed to be of the constant elasticity of substitu- 
tion form: 



Y,=B\ 



i-i 



eK, ’’ +{\-e)L, 



(5.8) 



where represents the total output, Kf the total capital, the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and a the elasticity of substitution 
between and Lt. Using the property subject to a constant-returns-to-scale 
production function, we can obtain the following equation: 

Yt - rKt + wLt . 



(5.9) 




Appendix 5.A 89 



Government Behavior 

The budget constraint of the narrower government sector at time t is given by 

(5.10) 

where Gt is government spending on goods and services in year r, and is the 
total tax revenue from labor income, interest income, consumption, and inheri- 
tance. The public pension system is assumed to be a simple pay-as-you-go system. 



The budget constraint of the pension sector at time t is given by 

Rt=B,, (5.11) 

where Rt is the total contribution to the pension scheme, and Bt is the total 
pension benefit to generations of age 5T -H 20 and above. 

Gt, Tt, Rt, and Bt are defined by 

G,=N,YpAl + nf'-'^g, (5.12) 

s=l 

T, = LX, + tMS, + CX, + t„BQ, (5.13) 

R,=tpwL„ (5.14) 

pAl + nf'~^\q'bi+q"'bT +q^b^}, (5.15) 

s=ST 



where g is annual government expenditure for each cohort, and 
BQ = q^BQ^ + q^BQ^ + q^BQ ^ . 

LXt and CXt are tax revenues from labor income and consumption (or expendi- 
ture), respectively, which are led by the summation of the three income classes 
with the same weight: 



LX,=N,^pAl + n) 



-(s-1) 



1 2 
q^\ccwx‘e, +-ji{wx'e,) 



+ q’^\awx’”es+^P{wx'"esf\ + q^^^^x''es + ^p{wx^esf 



, (5.16) 



75 



CX,=N,Y,Ps{l + n) 



-(s-1) 



q‘\aCi+j m )' I + ? ” Lct + 1 p{CT f 



+ q>'\aC^+^p{C^f 



(5.17) 



Similarly, the total public pension benefit, Bt, aggregate assets supplied by 
households, ASt, and aggregate consumption, ACt, are obtained by a weighted 
summation of the three income groups: 
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AS,=N,'£p,{l + ny‘''~'\q‘Ai +q"'AT (5.18) 

AC,=N,f^pAl + ny^'-^\q^Ci+q’"CT +q''C^}. (5.19) 



Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

1. Equilibrium condition for the capital market 

AS,=Kt. (5.20) 

2. Equilibrium condition for the labor market 

RE 

Lt=Nt^ Ps (1 + w) [q^x^ +q^x^+q^x^ }e, . (5.21) 

5=1 

3. Equilibrium condition for the goods market 

+ (5.22) 

An iterative program is performed to obtain the equilibrium values of the above 
equations. 



Appendix 5.B 

If tax and public pension systems are determined, the simulation model presented 
in Sect. 5.2 can be solved using the Gauss-Seidel method. The outline of the 
computation process is as follows. 



Step 1 

The interest rate the wage rate the bequest amount for each income class 
(dy\ the tax rate on interest income f}, and the contribution rate to the public 
pension scheme r^, are chosen as initial values. 



Step 2 

Each household that maximizes lifetime utility determines the time paths of con- 
sumption (C)‘ and savings (5'')' for an entire life cycle, by taking the previous 
values and the tax rates on labor income Tn;(wx'e^), consumption and inher- 

itance T/,, as given. 
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Step 3 

Aggregate capital iC' is obtained by summing the assets of all overlapping gen- 
erations existing at a given period for each income class, and by adding up the 
total assets (A^ for the three income groups giving them the same weight. Then, 
the production equilibrium conditions, which are led by Eq. 5.8, bring about a 
new interest rate and a new wage rate wK For each income class, the sum of 
bequests (BQ^ is derived from the time path of the class’s assets {A^)\ which gen- 
erates a new amount of bequest {a')\ 

To balance the account of the narrower government sector, the tax rate on 
interest income changes to t\. In a similar way to the balance of the account of 
the public pension sector, the contribution rate changes to t\. 

Step 4 

Using /, w\ (ay, and as new initial values, we return to Step 1. This method 
is iterated until stable variables (or equilibrium) are obtained. 



Appendix 5.C 

Table 5.7 demonstrates that the decreasing rate of the total assets (i.e., the capital 
stock) is higher than that of labor income. In other words, it is the most drastic 
for capital accumulation. Nevertheless, the tax base of interest income does not 
decrease to a large degree. This may be dependent on the definition that inter- 
est income is the product of total assets multiplied by an interest rate. The inter- 



Assets 




Fig. 5.1. Age profiles of assets for the high-income class in Cases A and B 
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Fig. 5.2. Changes in the conditional probability that a surviving household dies next year 



est rate in the simulation is higher in an aged situation than in a current situa- 
tion, because capital is relatively rare to labor in an aging society. 

Next, we examine the reason why the decreasing rate in the total bequests is 
the lowest in a transition to an aging society, although the decreasing rate in assets 
is the highest. Our model has unintended bequests caused by uncertainty over 
the length of life. The bequests, which were held as assets by deceased house- 
holds, are handed to surviving 50-year-old households that belong to the same 
income class. Hence, the overall amount of bequests is closely in connection with 
assets (see Fig. 5.1 for the age profiles of assets in the current and aged steady 
states). 

As indicated by Eq. 5.5, the value of ps - Ps+\ plays an important role for an 
outbreak of unintended bequests. Because the expected survival probabilities at 
old age are higher in 2025 than in 2000, households may accumulate more assets 
during their life cycle. Figure 5.2 suggests that the peak of values of Ps - Ps+\ is 
placed at an older age in 2025 than in 2000 and that the values after the age of 
89 are higher in 2025 than in 2000. Therefore, individual assets are likely to change 
into bequests rapidly after the age of 89 in an aging society. This observation may 
explain the reason why a decreasing rate in bequests is lower than that in the 
other three tax bases. 




6. Integration of Tax and Social 
Security Systems 

Financing Methods for a Public Pension 
Scheme in a Pay-as-you-go System* 



The purpose of this chapter is to establish guidelines for structural reforms of tax 
and social security systems in an aging Japan. Using the simulation model 
employed in the earlier chapters, this chapter introduces a basic pension into the 
public pension system. The empirical aspect is intensified in this chapter; most of 
the parameter values are calibrated based on the data prepared by the Japan 
Cooperative Association. The chapter incorporates 275 representative house- 
holds with unequal incomes, which are estimated using these data. 

6.1 Introduction 

One of the most serious social and economic problems in Japan is an aging pop- 
ulation. Drastic reforms in both the tax and social security systems to accommo- 
date this drastic structural change have become an urgent policy issue. This study 
proposes the guidelines for such reforms in Japan. The approach of this chapter 
is as follows. First, we investigate whether the integration of tax and social secu- 
rity (in particular, a pay-as-you-go public pension) systems is desirable with 
regard to efficiency and equity. Second, we evaluate what tax base (e.g., a pro- 
gressive labor income tax, a proportional or progressive expenditure tax, and 
their combination) is preferable in the integration case. 

The implication of “integration” used in this chapter are explained. This 
chapter does not address a problem with integration itself, such as a cost reduc- 



*This chapter is based on published material, Okamoto and Tachibanaki (2002). An earlier 
version of this chapter was presented at the 53rd Congress of the International Institute 
of Public Finance (IIPF) at Ritsumeikan University, the 1997 Annual Meeting of the 
Japan Association of Economics and Econometrics at Waseda University, the Interna- 
tional Conference on Social Security Reform in Advanced Countries at the University of 
Tokyo in 1999, and the 2000 Annual Meeting of the Japan Fiscal Science Association 
(Nihon Zaisei Gakkai) at Meikai University. The author is grateful for insightful com- 
ments and suggestions by Professors Naosumi Atoda, Bev Dahlby, Yoshibumi Aso, Yuki- 
nobu Kitamura, Shigeki Kunieda, Masahiro Hidaka, Kyoji Hashimoto, Takao Fujimoto, 
and Shoji Haruna. The author acknowledges the financial support from The Zengin 
Foundation for Studies on Economics and Finance. 
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tion by making two organizations one. We focus on the fact that the general 
government tax revenue currently covers one third of the flat part (i.e., the basic 
pension) of public pension benefits in Japan, instead of the contributions to the 
public pension program. We explore whether the ratio of one third should be 
raised, to establish the guidelines for structural reforms in the short term. We also 
investigate whether general taxes should cover not only the flat part but also the 
part proportional to remuneration for each individual, to obtain the guidelines 
in the long term. Moreover, we evaluate what tax base is the best in terms of effi- 
ciency and equity, if it is desirable that the general tax covers a greater part of 
public pension benefits. 

The crucial point is that the contributions to the public pension scheme in the 
pay-as-you-go system in Japan essentially imply a proportional labor income tax. 
Hence, even if a proportional labor income tax replaces the contributions, this 
alteration would not affect economic variables such as the capital stock or the 
redistribution of income. Other taxes, for instance, a progressive labor income 
tax, a proportional or progressive expenditure tax, and their combination, have 
influences on efficiency or equity. Thus, the term “integration” is employed, 
because we consider that general taxes replace the contributions along the lines 
of the current tax and social security systems in Japan. 

There are two themes in this chapter. First, the public pension system in this 
chapter is more realistic than those of earlier studies such as Homma et al. 
(1987a) or Kato (1998). In those papers, the public pension system consisted of 
only the part proportional to remuneration of each household, and the public 
pension sector was financed independently and separately from the narrower 
government sector. By contrast, this chapter incorporates the basic pension into 
the public pension system, and one third of the basic pension is covered or trans- 
ferred from general tax revenue. 

Second, this chapter lays a special emphasis on an empirical aspect. The 
parameter values assigned in the simulation are estimated using data from The 
Household Expenditure Survey 1 995 by the Japan Cooperative Association. We 
incorporate 275 representative households with different lifetime earning abili- 
ties, which are obtained by the data. This permits us to undertake analysis in a 
model with a greater similarity to the real world. 

This chapter is organized as follows: Sect. 6.2 identifies the basic model 
employed in simulation analysis. Section 6.3 explains the method of simulation 
analysis and the assumptions adopted. Section 6.4 evaluates the simulation find- 
ings. Section 6.5 summarizes and concludes the chapter, and discusses the policy 
implications. 



6.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1992. The model has 75 different overlapping generations. Three 
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types of agents are considered: households, firms, and the government. Because 
the basic model in this chapter is the same as in Chap. 3, see Sect. 3.2 for detailed 
explanation. The basic structure of households is as follows. 

6 . 2.7 Household Behavior 

Households are divided into 275 income classes: from the lowest to the highest 
income class. A single household type represents each income class. Let ^y+n, be 
the conditional probability that a household of age j + 20 lives to ; + 21. Then the 
probability of a household of age 21 surviving until 5 + 20 can be expressed by 

s-l 

Ps=Y[qMi- (6-1) 

7=1 

The probability qj+i^ is calculated from data estimated in 1992 by the Institute of 
Population Problems of the Ministry of Health and Welfare. 

The utility function of a representative household of income class /, the form 
of which is assumed to be time-separable, is 

u‘ = Xft (1 + {Ci y~r , (6.2) 

7 

where Cl represents consumption (or expenditure) at age s + 20, S the adjust- 
ment coefficient for discounting the future, and y the intertemporal elasticity of 
substitution on consumption. The superscript / (= 1, 2, . . . , 275) denotes from the 
lowest to the highest income class in numerical order. 

The flow budget constraint equation for each household at age 5 + 20 is 

++1 = {1 + '■(1 - Tr )}A‘ + {1 - T„, {wx‘e, ) - tp}wx‘e, + b‘, + a] - {1 + (Cj )}Ci , 

(6.3) 

where Al represents the amount of assets held by the household at the beginning 
of age 5 + 20, r the interest rate, w the wage rate per labor efficiency unit, and 6s 
the age profile of earnings ability, x' is the weight coefficient corresponding to the 
different levels of labor endowments among the income classes. bl is the amount 
of public pension benefit, and al is the amount of bequest to be inherited at age 
5 + 20. Ty^{wx'6s) is the tax rate on labor income, Tc(CJ) that on consumption, and 
Tr that on interest income. Tp is the contribution rate to the public pension 
program in a pay-as-you-go system. 

The public pension program is assumed to be a pay-as-you-go system that is 
close to the current Japanese system. The system consists of the basic pension 
(i.e., the flat part) and a part proportional to the average annual remuneration 
for each household. Variables related to the system are represented by 

{s>sT) 

{s<ST)' 



(6.4) 
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where the age at which each household starts to receive public pension benefits 



/ I RE \ 

is ST + 20, the average annual remuneration is H'\ =— — ^wx'es , the basic 

V RE ) 

pension benefit is /, and the weight coefficient of the part proportional to H' is 
6. Thus, b\ reflects the difference in the ability of labor supply among the 275 
income classes. 

When BQt is the sum of bequests inherited by 50-year-old households at period 
r, 4o is defined by 



4o = 



bq; 

N,p3oil + n) 



(6.5) 



where 



BQi 






Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. 

From the utility maximization problem, the equation expressing evolution of 
consumption over time for each household is characterized by 



r' 



( Ps^l ^ 


fl + r(l-T,)] 


1 + rAC-s) 


_V Ps ) 


1 1 + S jl 


V 1 T Tc (O 5+1 ) /_ 



ci. 



( 6 . 6 ) 



If the level of initial consumption, Cj, is specified, optimal consumption behavior 
of all ages can be derived from Eq. 6.6. The amount of assets held by each house- 
hold for all ages can be obtained from Eq. 6.3. The expected lifetime utility of 
each household is derived from Eq. 6.2. 

The social welfare function, which takes account of differences in the ability 
of labor forces and thus resulting distribution of consumption, is given by 

275 

SW = Y,U‘. (6.7) 

i=\ 



This function is obtained by a simple summation of the expected lifetime utili- 
ties of the 275 income classes. 

With regard to the basic structure of firms, a single production sector is 
assumed to behave competitively using capital and labor, subject to a constant- 
returns-to-scale production function. See Appendix 6.A for those of firms and 
the government, and market equilibrium conditions. 



6.3 Simulation Analysis 
6.3.1 Method of Simulation 

Five cases in the steady state in 1995 are considered under balanced budget 
policies. The assumption of tax revenue neutrality is normally imposed for a tax 
model to ascertain the clear effects of tax reforms. Our study, however, intends 
to substitute general taxes for the contributions to the public pension scheme. 
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Hence, it is impossible to hold the total tax revenue, namely, r^(r), constant across 
cases. We decided to keep the general government spending except for a trans- 
fer to the public pension sector, namely, G^g), constant among all cases. See 
Appendix 6.A for the definition of T^r) and G^g). 

The size of population is the same in all cases, and general government expendi- 
ture per capita, g, is exogenously given as a constant. Thus, the general government 
spending, G^, is exogenous and unchanged across all cases. Because the total tax 
revenue, Tt{z), consists of Gt and a transfer to the public pension scheme as indi- 
cated by Eq. 6.10, T^t) in each case depends on the degree of the transfer. 

With regard to the tax system, the tax rates on labor income, t^{wx'6s), and 
consumption, Tc(C), are exogenously given, resulting in the endogenous tax rate 
on interest income, Tr. With regard to the public pension system, the amount of 
the basic pension per capita,/, and the weight coefficient of the part proportional 
to remuneration for each individual, 0, are exogenously given. Hence, the con- 
tribution rate to the public pension scheme, r^, is made endogenous. 



6.3.2 Five Cases for Simulations 

Five cases are considered for our simulation. Case A is the benchmark in 1995, 
where there is the realistic progressive tax system on labor income, the tax rate 
on consumption is 5%, and that on interest income is 20%. Cases B and C carry 
out partial integration, which will give us the reform guidelines in the short term. 
Cases D and E execute perfect integration, which will indicate the reform guide- 
lines in the long term. 

1. Case A (Benchmark) 

This case reflects the fact that in 1995 the general tax revenue covered one 
third of the basic pension in the public pension system. 

2. Case B (Partial integration and a progressive labor income tax) 

The rate of tax transfer is raised from one third to a half (i.e., a rise in the 
basic pension by one sixth), ^ and the extra tax burden is covered by a pro- 
gressive labor income tax. In other words, public pension contributions, which 
mean a proportional labor income tax, are substituted by a progressive labor 
income tax. Under tax revenue neutrality, the adjustment in tax parameters 
on labor income is made only by the part proportional to labor income, j8, 
holding the constant term, a, unchanged. 

5. Case C (Partial integration and a proportional consumption tax) 

The rate of tax transfer is raised from one third to a half (i.e., a rise in the 
basic pension by one sixth), and the additional tax burden is covered by a pro- 



^ In Japan, it has been discussed that the ratio of one third will be raised to a half in 
the near future. Uemura (2001) considered this matter in the framework including a tran- 
sitional process. 
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portional consumption tax. In other words, public pension contributions, which 
signify a proportional labor income tax, are substituted by a proportional con- 
sumption tax. 

4. Case D (Perfect integration and a proportional expenditure tax) 

The tax revenue covers the total public pension payments that consist of the 
basic pension and the part proportional to remuneration for each individual. 
The source of overall tax revenue is only a proportional expenditure tax. 
Labor income and interest income taxes are eliminated. 

5. Case E (Perfect integration and a progressive expenditure tax) 

In Case D, a progressive expenditure tax replaces a proportional one. The 
degree of tax progressivity on expenditure is assigned in the method that 
follows. The constant term, a, is half of that in Case D, and the parameter of a 
part proportional to expenditure, /3, is adjusted under tax revenue neutrality. 



Empirical evaluation of each simulation from Case B to E in comparison with 
the benchmark Case A is made by the following formulation of RWC (relative 
welfare changes by percentage figures): 



RWC = 



-100 x{Uj -Ua) 
Ua 



(6.23) 



where Ua signifies each household’s utility in Case A, and Uj (j = B, C, D, E) rep- 
resents each household’s utility in each simulation. The minus sign was added so 
that improvements in RWC show positive numerical changes in welfare. 



6.3.3 Data and Parameter Values 

The household expenditure survey in 1995, which was collected and classified by 
the Japan Cooperative Association, is used as a data source. This survey reports 
each household’s income, consumption, tax, social security benefits and contri- 
butions, etc. The number of observations is 275, which enables us to evaluate 
changes in welfare of each household caused by tax and public pension reforms. 
A rigorous quantitative examination on the changes is feasible, provided that we 
can get the realistic figures concerning the various parameter values such as each 
household’s labor endowments or taxes. The process for estimation of parame- 
ter values employed in simulation analysis is presented and discussed (see Table 
6.1 for the assignment of parameter values). 

1. Weight on labor endowments for each income class 

The original survey included 363 households. Some of them are retired house- 
holds that do not work, and thus their consumption is based on the pension ben- 
efits and dissavings from their accumulated wealth. Because the starting age for 
receiving public pension benefits is currently 60, RE (i.e., the parameter of retire- 
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Table 6.1. Parameter values employed in simulation analysis 



Parameter description 


Parameter values 


Intertemporal elasticity of substitution in utility 


7=0.2 


Elasticity of substitution in production 


CT= 0.6 


Weight parameter in production 


e = 0.2 


Scale parameter in production 


Q = 1.0127 


Retirement age 


RE = 39 


Starting age for receiving public pension benefits 


ST =40 


Amount of basic pension benefits per capita 


/= 0.19815 


Weight coefficient of proportional part in public pension benefits 


0=0.32224 


Parameter for discounting the future 


5 =-0.0231 


Growth rate of successive cohorts 


n = 0.01462 


New entrants at period t 


N,= 1.5 



Number of 
households 




co^LotDir-cjocTiO^^^^^^ ^ Annual labor 
^ ^ ^ ^ ^ ^ ^TTTTVTT*^ income 

COrJ^ir»«£) t^OO( C ( ( ( ( 

^ 2 ill ^ ^ 12 (million yen) 

Fig. 6.1. Distribution of household annual labor income 



ment age) can be specified as 39. The retired household whose head is older than 
59 is removed, resulting in the 276 working households. However, one particular 
household’s annual revenue is ¥678 350, which is below the subsistence level, 
although this household gets a high amount of rent income, ¥5 803 760. This 
sample was excluded, because it is not appropriate to include it for the purpose 
of estimating labor endowments for each income class. As a result, the total 
number is 275, which enables us to estimate the labor endowments. 

Figure 6.1 shows the distribution of household annual labor income, which is 
defined by the following formulation: 
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Annual labor 
income 




Age (years) 



25 35 45 55 65 



Fig. 6.2. Distribution of age-annual labor income 



Labor income of a household = husband’s wage -i- wife’s wage + husband’s bonus + wife’s 
bonus + self-employed income + in-house revenue -i- other family members’ revenue. 

(6.A) 

The average labor income is ¥7 928 220 with a minimum of ¥2 521 740 and a 
maximum of ¥17 193 603. By dividing each labor income by its average and thus 
normalizing each labor income, each weight on labor endowments, 

/ 275 \ 

with^x' = 275 , can be estimated. 

V i=i J 

2. Estimation of the age profile of earnings ability, Cs 

Figure 6.2 indicates the distribution of household age-annual labor income. By 
regressing on x' with the independent variables being each household’s age and 
its squared form, it is possible to estimate the age profile of earnings ability, Cs. 
The results estimated by the OLS method are presented in Table 6.2. 



3. Estimation of the parameters of tax progressivity, a and (3, 
on labor income 



The average tax rate on labor income is Th, =a +— as shown in Sect. 



6.2. The estimation of parameters a and P in the benchmark Case A, was under- 
taken in the following way. First, the tax burden on labor income of each house- 
hold is calculated by the following formulation: 
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Table 6.2. Estimation of the age profile of earnings ability 



Variable 


Estimated coefficient 


Standard error 


t-statistic 


a 


-0.455200 


0.546139 


-0.83349 


b 


0.049149 


0.025009 


1.96525 


c 


-0.0003498 


0.000280 


-1.25106 



To estimate the age profile of earnings ability, the following equa- 
tion is used: X = a + bN -i- dSF, where X denotes normalized annual 
labor income, i.e., jc' (/ = 1, 2, . . , , 275) and N age of the head of each 
household 



Table 6.3. Estimation of the parameters of tax progressivity on labor income 



Variable 


Estimated coefficient 


Standard error 


t-statistic 


a 


-0.018767 


0.004704 


-3.9896 


b 


0.155266 


0.008962 


17.3246 



To estimate the parameters of tax progressivity on labor income, a and p, in the bench- 
mark Case A, the following equation is employed: 

T = a-\-b—x, 

2 

where T denotes the average tax rate on labor income and X normalized annual labor 
income, namely, x' (/ = 1, 2, . . . , 275) 



Labor income tax burden of a household = husband’s national income tax -i- wife’s national 
income tax -i- husband’s local income tax -H wife’s local income tax. (6.B) 

By dividing Eq. 6.B by Eq. 6. A, it is possible to get the tax rate on labor income 
for each household. The parameters, a and are estimated by the OLS method 
for the following regression equation. As Table 6.3 suggests, the dependent vari- 
able is the tax rate on labor income, and the independent variable is half of x\ 
Table 6.4 presents the assignment of parameter values, a and P, in each simula- 
tion case. 

Two further points should be noted. First, the regression equation ignores the 
weighting factors, w and but wCs is, of course, not always equal to unity. The 
value of a scale parameter in production, Q, is chosen so that the ratio of labor 
income tax revenue to labor income at a macro level equals the realistic value 
of 6.678%. Second, a negative value of a includes the possibility of negative tax 
rates for some poor households. When negative tax rates were obtained for some 
households, we took the zero rates. 

4. Estimation of the parameters for the public pension program 

In the model, public pension benefit consists of the flat part, namely, the basic 
pension, and a part proportional to remuneration for each household. Under the 
current Japanese system, the general tax revenue covers one third of the flat part, 
and the public pension contribution covers both the remaining two thirds and 




Table 6.4. Empirical results caused by different tax and public pension systems 

Case A Case B Case C Case D Case E 

Benchmark Partial Partial Perfect Perfect 

integration integration integration integration 

(progressive (proportional (proportional (progressive 
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the overall proportional part. Hence, jn in Eqs. 6.10 and 6.11 is assigned to jin 
the benchmark Case A. This rate for other simulations is changed to show desir- 
able policy reforms. In the cases of partial integration, Cases B and C, ^ is 
assigned to j. In the cases of full integration. Cases D and E, the Eq. 6.10’ replaces 
Eqs. 6.10, 6.11, 6.13, 6.14, and 6.15: 






( 6 . 10 )’ 



75 r 275 ^ 

where B,=N,^ ]/?,(l + «) [• 

s=ST I i=l J 

The White Paper on Welfare 1996 published by the Ministry of Welfare sug- 
gests that the monthly amount of basic pension for an individual is ¥65 458, and 
thus the annual benefit for a couple is ¥1 570 992. Because ¥7 928 220 is assumed 
to be standard in our simulation model, the value of a normalized parameter, / 
(the amount of basic pension per capita), is derived. The weight coefficient of the 
part proportional to remuneration, 6, is chosen so that the contribution rate in 
the benchmark Case A equals the 1995 value of 16.5% in employee pension plans 
(Kosei Nenkin) in 1995. 

5. Adjustment coefficient 5 for discounting the future 

The parameter value of 5 is adjusted so that individual consumption-savings 
behavior in the simulation is consistent with the actual relative scale of capital 
stock at a macro level. The value, <5, is determined so that the capital-income ratio 
(K/Y) in the simulation equals 2.58, which is suggested by the Annual Report on 
National Accounts 1996 published by the Economic Planning Agency. 

6. Growth rate of successive cohorts, n 

According to the Population Projections for Japan 1991-2090, a 1992 publication 
by the Institute of Population Problems of the Ministry of Health and Welfare, 
the ratio of population of 65 and above to the population of 21 and above is esti- 
mated to be 19.2% in 1995. The parameter value of n is chosen under the given 
survival probabilities, Ps, in 1995, so that the ratio in the simulation equals the 
estimated value of 19.2%. 

7. Number of overlapping generations 

In the case of an overlapping-generations model with 80-period life cycles, where 
households can live to a maximum of 100, households borrow money after 90. 
The reason is that at the final stage of old age, the weight on consumption in the 
utility function is much reduced because of a drastic decrease in expected sur- 
vival probabilities. Hence, it leads to the low level of consumption, which is lower 
than the amount of public pension benefits. It is possible to rule out such bor- 
rowing behavior at the final stage, by assuming a 75-period model with a 
maximum survival age of 95 as in this chapter. 
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6.4 Simulation Results 

6.4.1 Simulation Results and Their Interpretation 

Before presenting the simulation results, the indexes of efficiency and equity 
employed in this chapter are explained. The influence on capital accumulation is 
used as an indicator of efficiency. This is because under the assumption of an 
inelastic labor supply, the level of total output depends only on the level of capital 
stock, as indicated by Eq. 6.8. The social welfare function represented by Eq. 6.7 
is mainly used as an indicator of equity. However, we should keep in mind that 
the function depends on not only the aspect of equity but also that of efficiency. 
Table 6.4 presents the numerical results of each simulation. Figures 6.3 and 
6.4 are the graphical representations of Cases B and C, and Cases D and E, 
respectively. 

The overall result suggests that Case E achieves the best performance, where 
perfect integration of tax and public pension systems is implemented and a pro- 
gressive expenditure tax is introduced. This conclusion is derived from two obser- 
vations. One is that the highest value of 5.80 is attained for the capital-labor ratio 
(K/L) among all the simulation cases. The other is that the highest improvement 
of -79 595 is achieved for the level of social welfare among all the simulations. 
Moreover, the individual change in welfare is positive for all households. The 
reasons why Case E is chosen as the most desirable policy reform are explained 
in detail. 

First, policy reforms in the short-term view along the lines of the current Japan- 
ese system are examined, through comparing Cases B and C. The transition from 




Fig. 6.3. Changes in welfare of 275 income class households for Cases B and C 
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Fig. 6.4. Changes in welfare of 275 income class households for Cases D and E 



Case A to B means that a proportional labor income tax is substituted by a pro- 
gressive labor income tax, because the contributions to public pension scheme 
have the same implication as a proportional labor income tax. The social welfare 
level of -90 977 in Case B is higher than -93 351 in Case A, which shows that 
the transition from proportionality to progressivity brings forth better outcomes 
in terms of equity. The transition from Case A to C signifies that a proportional 
labor income tax is substituted by a proportional consumption tax. The K/L ratio 
of 3.21 in Case C is greater than 3.09 in Case A, which indicates that the substi- 
tution leads to better outcomes with regard to efficiency. This is because a con- 
sumption tax burden continues to exist even after retirement, and thus it requires 
individuals to have a larger amount of savings than a labor income tax under tax 
revenue neutrality. 

According to the simulation results of Cases B and C, the move from public 
pension contributions to taxes, whether it is a progressive labor income tax or a 
proportional consumption tax, improves the overall welfare of the economy: the 
social welfare values are -90 977 and -91 773, respectively. The K/L ratio of 3.21 
in Case C is larger than 3.13 in Case B, which shows that Case C is better than 
Case B from the resource-allocation perspective, namely, efficiency. By contrast, 
Case B is superior to Case C in terms of equity perspective: the welfare level for 
lower-income households in Case B ameliorates with an increase of 3%-4.5%, 
but deteriorates for higher-income households with a decrease of 3%-6%. If a 
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society has a consensus on a further redistribution from higher-income house- 
holds to lower-income ones, Case B may be preferable. 

We cannot, nevertheless, ignore the fact that Case C increases the individual 
welfare for all households by approximately 1.5%. A subjective judgment is 
required to select either Case B, which indicates a further redistribution, or Case 
C, which shows more capital accumulation and an increase in welfare for each 
household. Under an aging trend in the population structure, the aggregate 
household saving rate will decline, resulting in a lower capital accumulation. This 
is because the trend will diminish the ratio of younger households in their accu- 
mulation phase to older households in their dissaving phase, based on the life- 
cycle motive. The choice of a consumption tax instead of a labor income tax may 
avoid this decrease in capital accumulation. Unless a society has a high prefer- 
ence for a further redistribution, the policy reform represented by Case C should 
be adopted in the short term, especially in an aging society. 

Second, we investigate policy reforms in the long-term view, through compar- 
ing Cases D and E. In both cases, the whole public pension payments in addition 
to the general government expenditure are covered only by an expenditure (or 
consumption) tax. The simulation results of Cases D and E indicate a large 
increase in the K/L ratio (5.57 and 5.80, respectively), which means significant 
contribution to capital accumulation. Thus, both cases are desirable in terms of 
efficiency. Case D, where a proportional expenditure tax covers the overall 
payment, however, poses an important problem; Fig. 6.4 shows that, the welfare 
for higher-income households is greatly improved (i.e., 20%-40% increase), 
while the welfare for lower-income households is lowered by approximately 5%. 
The reason is that there is no tax progressivity in Case D. 

On the other hand. Case E, where a progressive expenditure tax covers the 
total payment, shows that the individual welfare for all households improves by 
about 10%. Hence, Case E, which assumes progressivity instead of proportion- 
ality, should be regarded as a more desirable policy reform than Case D in terms 
of equity. Of course, it is possible to change freely the degree of redistribution in 
Case E, by changing the degree of tax progressivity on expenditure, namely, two 
parameter values of a and j8. 

Household behavior is likely to be more distorted under the taxation on labor 
income than under the taxation on expenditure (or consumption), especially in 
the case of progressive taxation. This fact may be supported with the following 
two reasons. 

First, when an expenditure tax is progressive and tax rates rise with age as in 
our analysis, it distorts the intertemporal consumption choice as shown in Eq. 
6.6; rising marginal expenditure (or consumption) tax rates, like an interest 
income tax, raise the price of future consumption relative to current consump- 
tion. In this way, progressive expenditure taxation distorts individual age profiles 
of consumption. Hence, we might expect this distortion to lead to a substantial 
reduction in savings and thus in the long-term capital stock. Progressive expen- 
diture taxation, however, brings about more capital accumulation than progres- 
sive labor income taxation (see Chap. 3 for further details). Moreover, Auerbach 
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and Kotlikoff (1987), who assumed labor supply to be elastic, reported that with 
the move from proportionality to progressivity, the capital stock declines less 
under the consumption tax than under the labor income tax, which continues to 
leave the intertemporal consumption decision undistorted. 

Second, Auerbach and Kotlikoff (1987) also suggested that labor supply 
decreases more with the transfer from proportionality to progressivity under the 
labor income tax than under the consumption tax. This shortcoming for pro- 
gressive labor income taxation does not come out in our model with an inelastic 
labor supply. In this sense, the taxation has a relative advantage over progressive 
expenditure taxation in our analysis. The simulation analysis in Chap. 3, in which 
the same model as used in this chapter is employed, nevertheless, reports that 
progressive expenditure taxation is superior to progressive labor income taxa- 
tion in terms of both efficiency and equity. If labor supply were assumed to be 
elastic in our model, progressive expenditure taxation would bring forth even 
more favorable results than progressive labor income taxation. This fact should 
be stressed when we recommend progressive expenditure taxation as the most 
desirable tax regime. 



6.4.2 Comments 

The social welfare function represented by Eq. 6.7 evaluates the utility of the 
low-income class with great significance. The function can be regarded as a 
measure of the degree of equity, because the effects of the efficiency aspect on 
social welfare are relatively low. If we take pretax income as given, then it is 
obvious from the social welfare function used that progressive taxation leads to 
higher welfare, because it is maximized when after-tax income is equal for all 
income classes. 

In comparing Cases C (partial integration and a proportional consumption tax) 
and D (perfect integration and a proportional expenditure tax), the K/L ratio of 
3.21 in Case C is much lower than 5.57 in Case D. However, the level of social 
welfare of -91 773 in Case C is higher than -94 118 in Case D. This is simply 
because tax progressivity on labor income exists in Case C, while there is no pro- 
gressivity in Case D, in which a proportional expenditure tax covers the overall 
revenue. 



6.5 Conclusions 

This chapter has investigated whether the contributions to the public pension 
program in a pay-as-you-go system, which means a proportional labor income 
tax, should be substituted by (other) taxes such as a progressive labor income tax 
and a (progressive or proportional) consumption tax. The chapter has also exam- 
ined what tax base is preferable in terms of efficiency and equity in this integra- 
tion case. To analyze this problem, we have adopted a simulation approach for 
an extended life-cycle general equilibrium model of overlapping generations with 
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differences in the ability of labor supply, using the household expenditure survey 
data of Japan. 

Our main proposal based on the simulation results includes two items. First, 
the integration of tax and public pension systems is desirable. In other words, the 
contributions to the public pension scheme should be replaced by general taxes 
such as a progressive labor income tax or a consumption tax. Second, the intro- 
duction of a progressive expenditure tax is recommended as a tax base in the 
integration case. Hence, our proposal is to introduce a progressive expenditure 
tax with full integration in terms of efficiency and equity. With regard to struc- 
tural reforms along the lines of the current Japanese system, we should promote 
the partial integration of tax and public pension systems as a transition process, 
substitute a consumption tax for the contribution, and implement a gradual shift 
toward perfect integration. 

6.5.1 The Current Japanese State and Policy Implications 

When discussing policy implications based on the simulation results, it would be 
useful to show the fact that Japan has already partly introduced the integration 
of tax and social security systems. In other words, Japan is now in a transition 
process from a perfectly separate system to a completely integrated system. 
Let us take the example of the public pension system. The public pension system 
was drastically modified in 1985. The most significant reform was the introduc- 
tion of a two-tier system on the benefit side: (1) a flat part (i.e., the basic pension) 
and (2) a proportional part (i.e., the part proportional to remuneration for each 
individual). The flat part currently pays about ¥65000 per month to retired 
people. The amount is insufficient for each retired individual to survive, and thus 
lower than the level of a national minimum. The notion of the basic pension, 
however, comes certainly from and is consistent with the idea of a national 
minimum. 

More importantly, general government tax revenue currently covers one third 
of the flat part of public pension benefits in Japan. In other words, a part of tax 
revenue is already transferred to the social security system. It is possible to con- 
clude that the social security system in Japan has been partly integrated with the 
tax system, because the share of one third is considerable. Hence, our proposal 
is to take it further and to have a perfectly integrated system of tax and social 
security. This optimum system is consolidated by the introduction of a progres- 
sive expenditure tax (see Hatta (1996) for a discussion about the introduction of 
an expenditure tax in Japan). 

6.5.2 Justification for Our Proposals 

We point out four reasons why integration of the tax and social security systems 
is desirable. 

First, the integration facilitates the introduction of the notion of a civil 
minimum (or national minimum) for all people, because the general government 
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tax can cover a universal minimum level more efficiently and equitably. Several 
countries, such as Australia and New Zealand, adopt general taxes instead of con- 
tributions to cover social insurance payments. General taxes can cover such a 
minimum level with simplicity and at a lower cost. 

Second, related to the first point, the integration can eliminate a typical argu- 
ment of who gained and who lost from the intergenerational or intragenerational 
aspect under the social security system where contributions cover the cost. The 
argument has been one of the popular central issues and has been gaining 
momentum in Japan. If general taxes were used to pay for both public pension 
and medical care, each individual contribution and benefit by social security 
could not be calculated and compared in detail. 

Third, a minimum subsistence guarantee by general taxes is consistent with the 
principle of social security, which intends to produce no desperately poor indi- 
viduals. Such a goal can be achieved by the system that pays a minimum amount 
over the poverty level to all individuals. An individual, who desires a higher living 
standard or more sufficient security than a minimum level guaranteed by the gov- 
ernment, can participate in such as enterprise pension, private pension, or private 
health insurance. 

Fourth, the integration of tax and social security systems reduces administra- 
tion costs considerably, because only one institution, namely, a tax bureau, col- 
lects revenue from the private sector. Coexistence of a tax bureau and a social 
insurance agency is costly regarding the administration cost of public revenues. 
A decrease in the administration cost would increase the total amount of 
payment on public pension and medical care. 



Appendix 6.A 

Section 6.2 describes the basic structure of households in the simulation model. 
This appendix presents those of firms and the government, and market equilib- 
rium conditions. 



Firm Behavior 



The production function is assumed to be of the constant elasticity of substitu- 
tion (CES) form: 



Y,=Q\ 



eK, ^ +{l-e)L, ^ 



( 6 . 8 ) 



where Yt represents the total output, Kt the total capital, Lt the total labor supply 
measured by the efficiency units, Q a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and a the elasticity of substitution 
between Kt and Lt. Using the property subject to a constant-returns-to-scale pro- 
duction function, the following equation can be obtained: 
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Yt = rKt + wLt . 



(6.9) 



Government Behavior 

The government sector consists of a narrower government sector and a public 
pension sector. The narrower government sector collects taxes, and spends them 
on general government expenditure and a transfer to the pension sector. There 
is a transfer between these sectors. In the benchmark Case A of 1995, the general 
tax revenue covers one third of the basic pension (i.e., the flat part), and public 
pension contributions cover the rest of the public pension payments, namely, the 
remaining two thirds of the basic pension in addition to all parts proportional to 
remuneration for each individual. 

The budget constraint of the narrower government sector at time t is given by 

( 6 . 10 ) 

where is the total revenue from labor income, interest income, and consump- 
tion taxes (t: the tax revenue per capita); Gt is the general government spending 
on goods and services, except for a transfer to the public pension sector (g: the 
general government expenditure per capita); Ft is the total amount of basic 
pension benefits (/: the amount of basic pension per capita); and {i is the ratio 
of the part covered by general tax revenues to F,. 

The budget constraint of the public pension sector at time t is given by 



R,={l-^)F, + P„ (6.11) 

where R, is the total contribution to the public pension program, and P, is the total 
benefit of the part proportional to remuneration. T„ R„ F„ and P, are defined by 

F = LX, + xMS, + CX , , (6.12) 

R,=XpwL,, (6.13) 

F=N,f^{pAl + nr^'''^275f}, (6.14) 

\=ST 

75 r 275 ^ 

F=N,^ + , (6.15) 

s=ST 1 /=! J 



where 

7)=/V,|;p,(l + n)^‘'^'’275T, 

.v=l 

LXt and CXt are the tax revenues from labor income and consumption, respec- 
tively. The revenues can be obtained by a simple summation of the 275 income 
classes with the same weight, because each income group accounts for the same 
proportion of population: 
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LXt=NtYj PsO^-^n) +-j 8 (WeJ 

5=1 L i=l I ^ 



75 r 275 r ^ 

CX,=N,Y^ + aCi+-)8(C'y 

c=1 1=1 I ^ 



(6.16) 

(6.17) 



Similarly, aggregate assets supplied by households, ASt, and aggregate con- 
sumption, ACt, are derived from a simple summation of the 275 income classes: 

75 r 275 ^ 

^5, + h (6-18) 

5=1 I i=l J 

75 r 275 ] 

^c, -mX|p^(1 + «) • (6-19) 

5=1 I i=l J 



Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

1. Equilibrium condition for the capital market 

ASt=K,, (6.20) 

2. Equilibrium condition for the labor market 

RE C r 1 1 

+ (6-21) 

5=1 I «=1 J 

3. Equilibrium condition for the goods market 

y, =AC,+{K,^,-K,) + G,. (6.22) 

An iterative program is performed to obtain the equilibrium values of the above 

equations (see Appendix 3.B for the computation process). 




7. A Life-Cycle General Equilibrium 
Simulation Model with Continuous 
Income Distribution 
An Application to an Aging Japan* 



Chapters 3 through 6 incorporated plural representative households with 
unequal incomes in each cohort, and addressed the problem of intragenerational 
redistribution. However, the changes in the variance of lifetime income distribu- 
tion were not strictly dealt with. This chapter introduces numerous representa- 
tive households with continuous income distribution into each cohort. This 
permits us to rigorously analyze changes in variance. When the logarithm of earn- 
ings ability follows a normal distribution, a simulation can easily handle the 
diverse abilities of labor supply. This chapter examines the general equilibrium 
effects of changes in the variance of income distribution on capital accumulation 
and social welfare. 



7.1 Introduction 

The rapid aging of the population is one of the most serious social and economic 
problems that Japan is facing. Tax reforms to accommodate this drastic structural 
change have become an urgent policy issue. A life-cycle general equilibrium sim- 
ulation model is suitable as a basic theoretical framework to examine the impact 
of demographic changes on Japan’s economy. There have been many papers 
that address the problems of an aging society by applying this kind of model. 
Nearly all, however, examine them only from the aspect of efficiency, or ignore 
the problem of intragenerational equity. For example, Auerbach et al. (1989) 
and Kato (1998) analyzed the effects of demographic transitions using this 



*This chapter is based on published material, Okamoto (2000b). An earlier version of this 
chapter was presented at the 1996 Annual Meeting of the Japan Association of Economics 
and Econometrics at Osaka University. The author is grateful for insightful comments 
and suggestions by Professors Toshiaki Tachibanaki, Naosumi Atoda, Yoshibumi Aso, 
Masahiro Hidaka, and Kyoji Hashimoto, and from the seminar participants. The author 
acknowledges the financial support from The Zengin Foundation for Studies on Eco- 
nomics and Finance. 
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model. The papers published specify the behavior of a single representative 
individual, and thus it is impossible to deal with intragenerational income 
redistribution. 

Because it is vital to take into account not only efficiency but also equity, plural 
representative households with unequal incomes should be incorporated. Fuller- 
ton and Rogers (1993) incorporated 12 lifetime-income groups into a life-cycle 
model. However, that study could not analyze the effects of changes in the 
variance of income distribution, because it dealt with only 12 model-cases. To 
overcome this shortcoming, we incorporate a larger number of individuals, and 
construct a model with a continuous income distribution. 

This chapter has two purposes. One is to analyze how changes in the variance 
of income distribution affect various economic variables. The other is to show 
some useful guidelines for tax reforms in an aging Japan. We will investigate the 
effect of changes in the variance of income distribution on social welfare, by 
employing a simulation approach for an extended life-cycle general equilibrium 
model of overlapping generations. 

There are two themes in this chapter. First, the disparity in lifetime earnings 
ability within a cohort and the relative position of each individual both corre- 
spond to the reality in Japan. Empirical data are employed to estimate the density 
function of labor endowment distribution. The introduction of income distribu- 
tion to a social welfare function enables us to rigorously analyze the effects of 
tax reform on economic welfare. Second, we incorporate uncertainty regarding 
the length of an individual’s life and unintended bequests into the simulation 
model. We consider the bequest motive based on the life-length uncertainty. The 
bequests, which were held as assets by deceased households, are handed to sur- 
viving 50-year-old households. With regard to a large number of different income 
classes, we take account of bequests. Inheritance is transferred within each 
income class with the same labor endowments. The different amounts of bequests 
among households reflect the different amounts of assets during their life cycle. 
This allows us to undertake analysis that is closer to the real world. 

This chapter is organized as follows: Sect. 7.2 identifies the basic model 
employed in simulation analysis. Section 7.3 explains the method of simulation 
analysis and the assumptions adopted. Section 7.4 evaluates the simulation find- 
ings and discusses the policy implications. Section 7.5 summarizes and concludes 
the chapter. 



7.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1992. The model has 75 different overlapping generations. Three 
types of agents are considered: households, firms, and the government. The basic 
structure of each agent is first explained, and market equilibrium conditions are 
finally presented. 
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7.2.1 Household Behavior 

Each household has the same mortality rate and the same utility function. 
Unequal labor endowments, however, create different levels of income and con- 
sumption. The distribution of household labor endowments is approximated by 
a lognormal distribution. The age profile of earnings ability for each household 
is represented by xe^. Its average value is equal to the profile of an average 
wageworker.^ The weight factor x has a lognormal distribution, the density func- 
tion of which is given by 



fix) = - 






exp 



1 ( a 

2(7^ I 2 



(0 < X < °°), 



(7.1) 



where the mean is equal to unity and the variance is exp(<T^) - 1. 

Each household appears in the economy as a decision-making unit at the age 
of 21 and lives to a maximum of 95. Households face an age-dependent proba- 
bility of death. Let be the conditional probability that a household of age 
i + 20 lives to age j -(- 21. Then the probability of a household of age 21 surviving 
until s -(- 20 can be expressed by 



s-1 

;=i 

The probability qj+i^ is calculated from data estimated in 1992 by the Institute of 
Population Problems of the Ministry of Health and Welfare. 

The utility of each household depends only on the level of consumption. There 
is no choice between leisure and labor supply. Each household works from age 
21 to RE -H 20, the retirement age. The labor supply is inelastic before retirement 
and zero after retirement. Each household that maximizes expected lifetime 
utility makes lifetime decisions at age 21 concerning the allocation of wealth 



^ To estimate the age profile of earnings ability, the following equation is used: 

Q = (Iq + ciiN + , 

where Q denotes average monthly cash earnings and N age. Using data from the Basic 
Survey on Wage Structure 1994 hy the Ministry of Labor, the above parameters are esti- 
mated as indicated in Table 7.1. In Japan, bonuses account for a large part of earnings. 
Therefore, monthly cash earnings used here also contain bonuses. 



Table 7.1. Estimation of the age profile of earnings ability 



flo 


ai 


«2 


-2.12653 


0.207861 


-0.00223731 


(-8.09994) 


(14.8385) 


(-13.4930) 



S.E. = 0.136 
= 0.967 
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between consumption and savings. The utility function of a representative house- 
hold with jc-weighted labor endowments, the form of which is assumed to be time- 
separable, is 

U{x)^^f^pAl+Sf'~'\CAx)}'~K (7.3) 

7 

where Cs(x) represents consumption (or expenditure) at age 5 + 20, 5 the adjust- 
ment coefficient for discounting the future, and /the intertemporal elasticity of 
substitution between consumption in different years. 

The flow budget constraint equation of each household at age 5 + 20 is 

A-n (jc) = {1 + ^(1 - f r )} (jc) + {1 - Th, (wxe , ) - Tp }wxe, 

+ 6j(j:)+as(;c)-(l + Tc)C5(jt), (7.4) 

where As{x) represents the amount of assets held by the household at the begin- 
ning of age 5 + 20, r the interest rate, w the wage rate per efficiency unit of labor. 
wx6s is the gross wage rate for each household. bs(x) is the amount of public 
pension benefit, and Us{x) is the amount of bequest to be inherited at age s + 20. 
The tax rate on labor income is Ty^{wxes), on consumption is Tc, and on interest 
income is r,. Tp is the contribution rate to the public pension scheme. 

The tax system consists of labor income, interest income, and consumption 
taxes. Labor income is progressively taxed: by choosing two parameters labeled 
a and jS, we set the average tax rate ry^,{wxes) equal to a + jP(wxes) for all values 
of wjce^.The corresponding marginal tax rate is a + P(wxes). Setting /J = 0 amounts 
to proportional taxation. One may make the tax system more progressive, holding 
revenue constant, by increasing P and decreasing a simultaneously. The symbol 
x^{wx6s) in Eq. 7.4 signifies that T^, is a function of wxCs. On the other hand, inter- 
est income and consumption are proportionally taxed: the tax rates on interest 
income and consumption are Xr and r^, respectively. 

Variables related to the public pension program in a pay-as-you-go system are 
represented by 

l^bAx) = 0H{x) (s>ST) 

U,(jc) = 0 (s<ST)' 

where the age at which each household starts to receive public pension benefits 

is ST + 20, the average annual remuneration is and the 

replacement ratio is 9. Thus, b^x) closely reflects the difference in lifetime earn- 
ings ability among households. 

There are unintended bequests caused by uncertainty regarding the length of 
life. The bequests, which were held as assets by deceased households, are handed 
to surviving 50-year-old households. Therefore a^ix) is positive if and only if s = 
30, and otherwise is zero. The inheritance is transferred within households with 
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the same labor endowments, xCs? Let BQt{x) be the sum of bequests inherited 
by 50-year-old households with jc-weighted labor endowments at period t, and 
then a 2 ,o{x) is defined by 



where 



«3oW = 



BQ,{x) 

N,pxO--\-n) 



(7.6) 






5=1 



Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. 

Let us consider the case in which each household maximizes its lifetime utility 
under a constraint. Each household maximizes Eq. 7.3 subject to Eq. 7.4. From 
the utility maximization problem, the equation expressing evolution of consump- 
tion over time for each household is characterized by 



C5+1(X) = 



Ps+\ 

Ps 



1 + rjl-Tr) 
1 + 8 



Csix). 



(7.7) 



From Eq. 7.7, optimal consumption behavior of all ages is derived, if the initial 
consumption level Ci{x) is specified (see Appendix 7. A for the detailed deduc- 
tion). The amount of assets held by the household at each age is calculated from 
Eq. 7.4. The expected lifetime utility of each household is derived from Eq. 7.3. 

The social welfare function SW, which takes into account the difference of 
ability in labor forces and continuous income distribution, is given by^ 

SW = fix)U(x)dx. (7.8) 



Additionally, we consider ten income classes whose members are equally divided. 
The first and tenth income deciles correspond to the lowest and highest income 
classes, respectively. The utility functions of these classes, and are given 
by 



\w‘ =f^''''fix)u(x)dx 



^This assumption is made for simplicity of argument. Of course, in reality, parents and chil- 
dren do not always have the same lifetime earnings ability. 

^The income class whose weight x given to labor endowments is close to zero cannot 
survive in reality. Thus, it may be more realistic to employ the social welfare function that 
excludes this income class. 
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7.2.2 Firm Behavior 

The model has a single production sector that is assumed to behave competi- 
tively using capital and labor, subject to a constant-returns-to-scale production 
function. Capital is homogeneous and nondepreciating, while labor differs only 
in its efficiency. All forms of labor are perfect substitutes. Households in differ- 
ent income classes or of different ages, however, supply different amounts of 
some standard measure per unit of labor input. 

The production function is assumed to be of the constant elasticity of substi- 
tution form: 

^ , ( 7 . 10 ) 

where Yt represents the total output, Kt the total capital, Lt the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and p the elasticity of substitution 
between Kt and Lf. Using the property subject to a constant-returns-to-scale pro- 
duction function, we can obtain the following equation: 

Yt=rKt+wLt. ( 7 . 11 ) 



yt=B\ 



eKt ^+{l-e)Lt 



7.2.3 Government Behavior 

The government sector consists of a narrower government sector and a pension 
sector. The narrower government sector collects taxes and spends them on 
general governmental expenditure. There is no outstanding debt, and thus bal- 
anced budget policies are assumed. The budget constraint of the narrower gov- 
ernment sector at time t is given by 

Gt^Tt. ( 7 . 12 ) 

where Gt is government spending on goods and services in year t, and Tf is the 
overall tax revenue from labor income, interest income, and consumption. 

The public pension system is assumed to be a simple pay-as-you-go scheme. 
The budget constraint of the pension sector at time t is represented by 

Rt=Bt. ( 7 . 13 ) 

where Rt is the total contribution to the public pension program, and Bt is the 
total pension benefit to generations of age ST +20 and above. 

Both of these sectors are financed independently and separately. No transfer 
is made between the sectors. G^, Rt, and Bt are defined by 

G.=N,f^pM + ny'^-''g, ( 7 . 14 ) 

s=\ 



Tt — Xt + T r^ASt + TcACt , 



( 7 . 15 ) 
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R,=TpwL,, (7.16) 

+ f(x)bAx)dx, (7.17) 

s=ST ^ 

where g is government expenditure per cohort and is the tax revenue from 
labor income. Because labor income is progressively taxed, we get 

X,=N, vva^pj(l + n)“‘"“^^ej +-w^j8exp((7^)XPs(l + «) • (7.18) 

5=1 ^ 5=1 

Aggregate assets supplied by households, ASt, and aggregate consumption, ACt, 
are represented by 

AS, =N, [p 2 (1 + n)~^ f{x)A 2 (x)dx + ps (1 + n)~^ f(x)A 3 {x)dx +... 

+ Pis (1 + n) f{x)Ais {x)d:^, (7.19) 

AC, f{x)Ci{x)dx+p2{l + ny^^^ f{x)C2{x)dx + . . . 

+ Pis (1 + n) f{x)Cis {x)dx^. (7.20) 

See Appendix 7.B for further details of the continuous distribution regarding life- 
time earnings ability. 

7,2.4 Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

1. Equilibrium condition for the capital market 

Because aggregate assets supplied by households are equal to real capital, we 
get 

ASt=Kt. (7.21) 

2. Equilibrium condition for the labor market 

Measured in efficiency units, because aggregate labor demand by firms is equal 
to aggregate labor supply by households, we obtain 

RE 

L,=N,Y,Ps{l + ny'-'-^'e,. (7.22) 

5=1 

3. Equilibrium condition for the goods market 

Because aggregate production is equal to the sum of consumption, investment, 
and government expenditures, we get 



Y,=AC,+{K„3-K,) + G,. 



(7.23) 
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An iterative program is performed to obtain the equilibrium values of the above 
equations. 



7.3 Simulation Analysis 
7.3.1 Simulation Method 

The simulation model presented in the previous section is solved under the 
hypothesis of perfect foresight by households. Households correctly antici- 
pate the interest, wage, and tax rates. If tax and public pension systems are deter- 
mined, the model can be solved using the Gauss-Seidel method (see Appendix 
7.C for the computation process). 

We consider the current steady state of 1995."^ Tax revenue neutrality is 
assumed to ascertain the clear effects of tax reform. Our study holds that tax 
revenue is constant across all the simulation cases. The size of population and 
government expenditure per cohort (g) are exogenously given and constant 
across all cases. Thus, the total tax revenue, T^, is exogenous and the same in all 
the simulations. 

With regard to the tax system, the tax rates on labor income {T^{wxes)) and 
interest income (t^) are exogenously given, and thus that on consumption 
(Tc) is made endogenous. With regard to the public pension system, the replace- 
ment ratio (0) is exogenously given, and thus the contribution rate (tp) is made 
endogenous. 



7.3.2 Simulation Cases 

Case A is the 1995 benchmark. Cases B and C investigate the influences of a 
change in tax policies on after-tax income distribution. If in Case A, a propor- 
tional labor income tax replaces a progressive one, this case is then labeled Case 
B. If in Case A, a higher degree of tax progressivity on labor income is incorpo- 
rated, this case is then labeled Case C. The tax revenue from labor income is the 
same across Cases A, B, and C. 

The variance of lifetime income distribution is estimated based on actual data 
(a = 0.64). This chapter considers two cases where the variance of income distri- 
bution is changed: in Case A-a the variance decreases (a = 0.5), while in Case 
A-b the variance increases (a= 0.8). Cases A-a and A-b evaluate the effects of 
an exogenous change in before-tax lifetime earnings ability on the economy. The 
limits of the lowest and highest income classes, represented by Eq. 7.9, are also 
changed in Cases A-a and A-b. In Case A-a, the upper limit of the lowest income 
class is 0.4650, and the lower limit of the highest income class is 1.6749. In Case 
A-b, the limits are 0.2608 and 2.0243, respectively. 

The following five cases are considered: 



"^See Chap. 8 for an analysis in an aged steady state. 
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1. Case A 

This case is the 1995 benchmark; the tax system on labor income has a realis- 
tic progressiveness. Tax rates on interest income and consumption are set to 
20% and 5%, respectively, which are the current Japanese rates. 

2. Case B 

In Case A, a proportional labor income tax replaces a progressive one, holding 
the tax revenue from labor income constant. Parameter p, which determines 
the degree of tax progressivity on labor income, is set to zero. The three tax 
regimes are all proportional. 

3. Case C 

In Case A, the degree of tax progressivity on labor income is raised, holding 
the tax revenue from labor income constant. Parameter a, which determines 
the degree of tax progressivity on labor income, is set to zero. 

4. CaseA-a 

In Case A, the variance of income distribution decreases: the standard devia- 
tion (cj) is reduced to 0.5. 

5. CaseA-h 

In Case A, the variance of income distribution increases: the standard devia- 
tion (or) is raised to 0.8. 

73.3 Specification of Parameters 

Table 12 presents the parameter values used in the simulation analysis. This 
chapter examines the implications of tax policies for an aging Japanese economy. 
Thus, we choose the parameter values realistic for the economy. In Case A (the 
benchmark), economic variables, such as the ratios of capital to income 
(KAf) and capital to labor (K/L), are close to actual values of 1995. See Appen- 
dix 7.D for the calibration of the parameters that determine the distribution of 
weight X given to labor endowments and the degree of tax progressivity on labor 
income. 



Table 11. Parameter values used in simulation analysis 



Parameter description 


Parameter values 


Adjustment coefficient for discounting the future 


5= -0.01627 


Intertemporal elasticity of substitution 


7=0.2 


Elasticity of substitution in production 


p = 0.6 


Weight parameter in production 


£=0.2 


Scale parameter in production 


B = 0.942 


Government expenditure per generation 


g = 0.697526 


Growth rate of successive cohorts 


n = 0.01462 


Replacement ratio in public pension 


0=0.63466 
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Survival probabilities (ps) are calculated from the Population Projections for 
Japan 1991-2090. Our model makes no sex distinction, and thus this study uses 
the male-female average values for 1995. The proportion of aged population 
(65 or above) to the total population (21 or above) in 1995 was 19.2%, based on 
the above estimates. The growth rate of successive cohorts (n) is adjusted so that 
the ratio in the simulation is the estimated value of 19.2%. Thus, n is set to 
1.462%. 

With regard to the public pension system, the retirement age is 60 (RE = 40) 
and the starting age for receiving public pension benefits is 65 (ST = 40). The 
replacement ratio of pension payments (0) is chosen so that the contribution rate 
equals the 1995 rate of 16.5% in employee pension plans (Kosei A^enkm). There- 
fore, the replacement ratio (0) is set to 63.5% of a standard annual remuneration. 



7.4 Simulation Results 

7.4.1 Findings in the Simulation Results 

Table 7.4 presents the simulation results. Through comparing Cases B and C, we 
investigate how the different degrees of tax progressivity on labor income influ- 
ence the Japanese economy. Through comparing Cases A-a and A-b, we also 
examine how different variances in the within-cohort income distribution affect 
the economy. It should be noted that the impact on capital accumulation is 
regarded as an indicator of efficiency. Thus, the effects of different tax policies 
are evaluated in terms of capital formation and social welfare. 

(1) Effect of the different degrees of tax progressivity on labor income 

To investigate the effect of a rise in the tax progressivity on labor income, we 
consider the move from Case B (proportional tax) to C (progressive tax). The 
utility of the lowest income class ameliorates from -2.525 to -1.908, while that 
of the highest income class deteriorates from -0.00016 to -0.00019. Thus, a rise 
in the tax progressivity on labor income improves social welfare from -2.807 to 
-2.136. This suggests that the recent tendency in Japan toward flat taxation may 
cause substantial damage to social welfare. 

Two reasons can be considered. One is that through the change in a time path 
of taxation during an individual’s life cycle, a rise in tax progressivity enhances 
the “capital-increasing effect” (see Chap. 3 for the capital-increasing effect). In 
Case B (proportional tax) the K/L ratio is 2.784, while in Case C (progressive 
tax) it is 2.877. Thus, an increase in the K/L ratio improves social welfare. The 
other is that the social welfare function represented by Eq. 7.8 places a substan- 
tial weight on the utility of the low-income class. This function is of a “Benthamite 
type,” but depends mainly on the utility of the low-income class, as does a “Rawl- 
sian type.” Because of the property of the social welfare function adopted, the 
utility of the low-income class plays a significant role in the determination of 
social welfare. 
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Table 7.4. Empirical results caused by different degrees of tax progressivity on labor income 
and different variances in income distribution 





Case A 


Case B 


Case C 


Case A-a 


Case A-b 


Standard deviation 


*0.64 


*0.64 


*0.64 


*0.5 


*0.8 


(CT) 

Tax rate on labor 


Progressive 


Proportional 


Progressive 


Progressive 


Progressive 


income {T^{wxes}) 


|« = 0.0201 


f a = 0.0668 


ia=0 


0.0201 


0.0201 


*1;8 = 0.0089 


i;8 = 0 


*1;8 = 0.0127 


*1/3=0.0089 


*1/3 = 0.0089 


Tax rate on interest 


*0.2000 


*0.2000 


*0.2000 


*0.2000 


*0.2000 


income (Tr) 
Tax rate on 


0.0500 


0.0499 


0.0500 


0.0565 


0.0392 


consumption 

(TcIQWl) 












Capital-labor 


2.849 


2.784 


2.877 


2.903 


2.747 


ratio (KIL) 
Income-labor 


1.104 


1.101 


1.105 


1.106 


1.100 


ratio (Y/L) 
Capital-income 


2.580 


2.528 


2.603 


2.624 


2.498 


ratio (K/Y) 
Interest rate (r) 


0.0429 


0.0444 


0.0423 


0.0417 


0.0452 


Wage rate (w) 


0.9820 


0.9778 


0.9838 


0.9854 


0.9754 


Total capital (Kt) 


872.4 


852.5 


880.9 


888.8 


841.2 


Social welfare 


-2.313 


-2.807 


-2.136 


-0.478 


-18.560 


(5H0 

Lowest income 


-2.071 


-2.525 


-1.908 


-0.361 


-17.979 


class utility (W) 
Highest income 


-0.00018 


-0.00016 


-0.00019 


-0.00031 


-0.00011 


class utility (W^) 
Aggregate 


279.6 


278.3 


280.2 


283.6 


269.2 


consumption (ACt) 
Tax revenue from 


20.0 


20.0 


20.0 


18.0 


23.3 


labor income (TLt) 













Asterisks (*) before the tax rate indicate that the variable is exogenous 



To evaluate which of these reasons is more important, we undertook a sensi- 
tivity analysis (see Appendix 7.E for further details). The results suggest that 
the equity factor dominates the efficiency factor. An increase in aggregate 
consumption improves social welfare, but its contribution is relatively low. 
The income redistribution between low and high-income classes substantially 
improves social welfare. The level of social welfare in our model depends mainly 
on the distribution of resources. 

(2) Effect of the different variances in lifetime earnings ability 

We first investigate the effects of a change in the variance of lifetime earnings 
ability on social welfare. The simulation results suggest that a decrease in the 
variance improves social welfare from -2.313 (Case A) to -0.478 (Case A-a), 
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while an increase in the variance deteriorates social welfare to -18.560 (Case A- 
b). As the variance of lifetime earnings ability approaches zero, social welfare 
improves. The more equal the within-cohort income distribution, the higher the 
social welfare. The following two reasons are considered: 

One is that social welfare depends mainly on the utility of the low-income class. 
A low variance of income distribution means few low-income households, which 
improves social welfare. On the other hand, a high variance signifies many low- 
income households, which deteriorates social welfare. The other is that the dif- 
ferent variances in lifetime earnings ability generate different tax revenues from 
labor income. A high within-cohort inequality means the existence of many high- 
income households, whose tax rates are high under progressive taxation. In the 
case of a small variance (A-a) the tax revenue from labor income decreases to 
18.0, while in the case of a large variance (A-b) it increases to 23.3. It should be 
noted that the tax rate on consumption is adjusted to keep the total tax revenue 
constant across the simulation cases. In Case A-a, the tax rate on consumption 
rises, while in Case A-b it falls. The K/L ratio in Case A-a is 2.903, while in Case 
A-b it is 2.747. As explained in Chap. 2, a consumption tax substantially stimu- 
lates capital formation. 

Second, we examine the impacts of a change in the variance of lifetime earn- 
ings ability on the utilities of the lowest and highest income classes. In the case 
of a small variance (A-a), the utility of the lowest income class is -0.361, while 
for the highest income class it is -0.00031. In the case of a large variance (A-b), 
the utilities are -17.979 and -0.00011, respectively. Thus, in Case A-b, the dis- 
parity between the lowest and highest income classes is substantial. 

Finally, the influences of a change in the variance of lifetime earnings ability 
under proportional taxation are analyzed. In Case B (proportional taxation), the 
effects of different variances in income distribution are evaluated. The simula- 
tion results suggest that changes in variance have no influence on aggregate eco- 
nomic variables such as total consumption and total capital. These variables are 
the same as those in the case where there are many identical households in the 
economy represented by a single household. Thus, the simulation suggests, quan- 
titatively, that only under progressive taxation do changes in variance in income 
distribution affect aggregate economic variables. In other words, under propor- 
tional taxation, changes in variance have no influence on aggregate variables. This 
is numerically verified in Appendix 7.B. 

7.4.2 Comments 

Two comments need to be noted in interpreting the simulation results. First, the 
simulation results indicate that the higher the tax progressivity, the greater the 
capital accumulation. This is because our model assumes an inelastic labor supply, 
and thus tax progressivity has no impact on labor supply. If the model incorpo- 
rated a tax-induced disincentive effect, a high tax progressivity would not always 
bring forth favorable outcomes in terms of efficiency. Due to the assumption of 
an inelastic labor supply, an increase in progressiveness can decrease the disper- 
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sion of after-tax income distribution without reducing the labor supply. If labor 
supply is elastic in our model, this disincentive effect of progressive taxation will 
be harmful to social welfare.^ 

Second, this chapter incorporates many representative households and con- 
structs a model with continuous income distribution. Our study assumes a 
constant variance of earnings-ability distribution throughout an entire career. 
However, in reality, the disparity in income distribution gradually grows with age. 
Figure 3.4 presents the age profiles of earnings ability based on educational back- 
grounds. This figure suggests that the difference in earnings ability within a cohort 
gradually increases with age. According to Ohtake and Saito (1998), consumption 
inequality within a fixed cohort starts to increase at the age of 40. We should bear in 
mind how simulation results would be different if the variance of income distribu- 
tion gradually increases with age.^ In order to examine this situation, we undertook 
an additional simulation analysis (see Appendix 7.F for further details). 

7.5 Conclusions 

This chapter has examined the effect of changes in the variance of within-cohort 
after-tax income distribution on efficiency and equity in Japan, a society with an 
aging population. To analyze this problem, we employed a simulation approach 
for an extended life-cycle general equilibrium model of overlapping generations 
with continuous income distribution. 

The simulation results suggest, quantitatively, that a decrease in variance of the 
within-cohort income distribution improves social welfare. A slight increase in 
tax progressivity on labor income substantially ameliorates social welfare. There- 
fore, the recent tendency in Japan, where tax progressivity has been reduced 
and flat taxation is approached, might cause serious damage to the social welfare 
of the population. The results also indicate that only under progressive taxation 
do changes in variance of income distribution affect aggregate economic 
variables. 



Appendix 7.A 

To consider the utility maximization problem over time for each household, 
namely the maximization of Eq. 7.3 subject to Eq. 7.4, let the Lagrange function 
be 



75 

L{x) = U (a:) + (jc) [~A,+i (x) + {1 + r (1 - T, )} (x) + {1 - {wxe, )-Tp }wx€s 

s=l 

+ b, (x) + a, (x) - (1 + Tc ) C, (x)], 



^This remark also holds true for analysis in Chap. 8. See Appendix 3.C for the sensitivity 
analysis on exogenous changes in labor supply. 

^This remark also holds true for analysis in Chap. 8. 
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where X^{x) represents the Lagrange multiplier for Eq. 7.4. The first-order con- 
ditions for 5- = 1, 2, . . . , 75 can be expressed by 

= p.(l + - A, W(l + Tj = 0, (7.A) 

= -A.(;c) + W{1 + r(l - t,)} = 0. (7.B) 

aAs+i{x) 



The combination of Eqs. 7.A and 7.B yields the equation that determines the 
slope of the age-consumption profile over the life cycle: 



c„iW = 






l + rjl-tr) 

1 + 5 



Cs{x). 



(7.7) 



For a given Ci{x), Eq. 7.7 solves the path for consumption. The transformation 
of Eq. 7.7 leads to the following expression: 
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Ci(x). 



(7.7)’ 



Integrating Eq. 7.4 and using the initial and terminal conditions Ai(x) = Aq^{x) = 
0, caused by no intended bequests, yields the following equation: 



75 RE 

^{l + r(l-T,)} ' ' (l + T<.)C,(jc) = ]^{l + r(l-Tr)} '\l-T^{wxe,)-Xp]wxe, 

S^\ 



-I 



{1 + r(l - Xr )}"*■'”' * h. (.r) + {1 + r(l - x, )}'^’ aj,, (v). 



s=ST 



To derive Ci(x), Eq. 7.7’ is substituted into this lifetime budget constraint. Thus 
we can find an optimum solution for Ci(jc). 



Appendix 7.B 

We investigate the effects of changes in the variance of earnings ability distribu- 
tion on economic variables, using a numerical demonstration. The proba- 
bility density function represented by Eq. 7.1 leads to the following expressions: 
Because x has a mean of unity (0 < x < ©o), 

E{x) = f{x)xdx = 1, (7.a) 

and because x has a variance of exp(cT^) - 1, 

V{x) = e[{x - E(x)}^] = E{x^)- 2E{x) + 1 = f(x)x^dx - 1 = exp(a^) - 1, 

* *lo 



(7.b) 
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As explained in Appendix 7. A, initial consumption of the x-weighted household 
is represented by 



w 



'*[1-T„,(wxej)-Tp]xej+ ^ %(x) + /? ^VioU) 



Ci(x) = - 






R 

1 + 5 



7(5-1) 



(7.C) 



where i? = 1 + r(l - r^.). 

Because the variance cr^ affects aggregate economic variables through Eq, 7.b, 
we focus on the term x^. When labor income is progressively taxed (i.e., /J is pos- 
itive), the term arises from the term ae^x + ^Pwe^x^, the product of t^{wxCs) 
multiplied by xe^ (see Eq. 7.c). If j8 is positive, Ci{x) has the term x^. From Eqs. 
7.7 and 7.4, C(x) and As+i(x) ( 5 - = 1, 2, ... , 75) also have the term x^. Under pro- 
portional taxation (i.e., /J = 0), both Cs{x) and As+i(x) (5 = 1, 2, ... , 75) have only 
the term x. In the absence of the term jc^, the changes in variance of earnings- 
ability distribution have no effects on economic variables such as aggregate con- 
sumption ACt or aggregate assets ASt. 

On the other hand, under progressive taxation, such relations no longer exist. 
P is positive, and thus the term x^ appears. Aggregate economic variables include 
the term exp((j^) through Eq. 7.b. Hence, the changes in the variance (cr^) affect 
aggregate variables. In this way, only under progressive taxation do changes in 
the within-cohort inequality influence the variables. Because under proportional 
taxation there is not the term exp(a^), this mechanism does not work. 

For instance, the tax revenue from labor income (TLt) is derived from the fol- 
lowing equations: 



TL,=N,Y,ps(l + ny^' f{x)^a{wxes) + ^P{wxe,f^dx 

= N.wa^e^pi f{x)xdx + • • • + CrePre (1 + f f(x)xdx^ 

+ N, ^w^p^eipij^ f{x)x^dx + --- + eREPREO- + ny'^^~^^ f{x)x^dx^ 
wa^Ps(l + ny^'‘~^^e,+-w^P^Psil + ny^'~^^e^j^ f{x)x^dx 

5=1 
RE 

wa'^Ps{l + ny^'"^es + 



= N, 
= N, 



1 

-w^P exp(c7^ (1 + n)~ c? 



(•••Eq. 7.a) 
(•.•Eq.7.b) 



Through the second term in this equation, the changes in variance affect aggre- 
gate variables only when labor income is progressively taxed (i.e., when p is not 
zero). See Eq. 7.18 for the tax revenue from consumption (TCt). For other aggre- 
gate variables, the same remark also holds true. 




128 7. A Life-Cycle General Equilibrium Simulation Model 



Appendix 7.C 

If tax and public pension systems are determined, the simulation model presented 
in Sect. 7.2 can be solved using the Gauss-Seidel method. The outline of the com- 
putation process is as follows. 



Step 1 

The interest rate r®, the wage rate iv®, the bequest amount for each income class 
{a(jc)}°, the tax rate on interest income and the contribution rate to the public 
pension scheme Tp are chosen as initial values. 

Step 2 

Each household that maximizes the lifetime utility determines the time paths of 
consumption {C(x)}^ and savings {5(jc)}^ for an entire life cycle, by taking the pre- 
vious values and the tax rates on labor income T^(wxes) and consumption Tc as 
given. 

Step 3 

Aggregate capital is obtained by summing the assets of each income class 
across cohorts, and by adding them {A(jc)}^ up within a cohort giving them a real- 
istic weight. The production equilibrium conditions, which are led by Eq. 7.10, 
provide a new interest rate and a new wage rate w\ For each income class, the 
sum of bequests [BQ{x)Y is derived from the time path of the class’s assets 
(A(jc))\ which generates a new amount of bequest [a(x)]\ 

To balance the account of the narrower government sector, the tax rate on 
interest income changes to t\. In a similar way to the balance of the account of 
the public pension sector, the contribution rate changes to Tp. 

Step 4 

Using w\ and t], as new initial values, we return to Step 1. This 

method is iterated until we get equilibrium, or stable variables. 



Appendix 7.D 

Table 7.3 presents data obtained by adding two sources: data for income tax col- 
lected at the tax office; and data for self-assessed income tax. These data are based 
on the Statistical Year Book of National Taxes (Kokuzeicho Tokei-Nenposho) 
1993. We explain the methods of assigning the weight given to labor endowments 
for each income class, the degree of tax progressivity on labor income, and the 
variance of the income distribution using these data. 




Table 7.3. Income distribution and taxes on households 
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Source: Statistical Year Book of National Taxes 1993, National Tax Administration Agency, Japan (1995) 
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We first explain how the weight x given to lifetime earnings ability for each 
household is assigned. The distribution of labor endowments is estimated from 
the data. The weight x is defined as the ratio of annual income of each household 
to the total average annual income (which is approximately 4.71 million yen). 
The weight x theoretically has values between zero and oo in the model. However, 
our simulation assumes the value to be between zero and 4.8 (this range covers 
99.7% of all households) for the reason that follows. For the high-income class 
whose weight x is so large, the tax rates are too high under progressive taxation 
as in our model. Thus, disposable income is too low, compared with the amount 
of public pension benefit after retirement. Such a household borrows excessively 
while young, which leads to unrealistic consumption-savings behavior. 

Second, the method of assigning the degree of tax progressivity on labor 
income is described. The estimation is undertaken using the ordinary least 
squares (OLS) method. The parameters a and /?, which determine the degree of 
tax progressivity, should have been estimated using the tax rate on labor income 
as a dependent (explained) variable and ^wxe as an independent (explanatory) 
variable. (Here, e represents the average of e is the value that takes account of 
the growth rate of successive cohorts and survival probabilities.) However, ade- 
quate data for this estimation are not presently available in Japan. 

As a second-best means, the parameters, a and /3, are estimated in the order 
that follows. First, the parameter of the proportional part, )3, is estimated by apply- 
ing the OLS method, using the average tax rate on income as a dependent vari- 
able andyivjcc as an independent variable. Thus, /3 is estimated to be 0.0089. Next, 
given this value of /J and the tax rate of 20% on interest income, a simulation is 
performed. The parameter of the constant part, a, is chosen so that the tax rate 
on consumption is 5% and the overall average tax rate on income is 8.15% (as 
shown in Table 7.3). Through this adjustment process, a is modified to be a plau- 
sible value from 0.0167, the first estimated value, to 0.0201. 

Finally, the method of assigning the variance in the lifetime earnings-ability 
distribution is described. The standard deviation a in the density function 
represented by Eq. 7.1 is estimated using the OLS method. It is obtained by 
minimizing the sum of squared differences between the observed and predicted 
probabilities: 



f\P-PXo)]\ 

i=\ 

where / (= 1, 2, . . . , 12) represents a bracket of each income class, is the number 
of observations in the /-th interval when the total number of people is normal- 
ized to unity, and Pi{o) is the theoretical probability of people in the same inter- 
val. Supposing that a is the parameter of the theoretical distribution specified, 
then Pi{cj) is defined by 



/^ (<7)=r f(x-,a)dx, 

Jxi-\ 
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where jc, denotes the upper end of the bracket of the income class i as shown in 
Table 7.3, and/(jc;cr) is the density function. Thus the estimated value of cris 0.642 
(for reference, the estimated value in Atoda et al. (1988) is 0.659). 

It should be noted that this estimated value of the standard deviation is based 
on cross-sectional data. The data include all age groups, namely, young, middle- 
aged, and old. Hence, this value concerns income distribution not of people who 
belong to the same cohort, but of all people who exist in the economy at a point 
in time (1993). The value of the standard deviation in lifetime income distribu- 
tion is necessary in the model. We should have employed so-called panel data, 
which trace people who belong to the same cohort for a long period. However, 
this kind of data is not presently available in Japan, and thus the cross-sectional 
data were used as a second-best source. 



Appendix 7.E 

Our simulation result suggests that social welfare improves when the tax pro- 
gressivity on labor income is high. Two reasons are considered: one is the capital- 
increasing effect that is explained in Chap. 3; the other is that our social welfare 
function places a substantial weight on the utility of the low-income class. In order 
to quantitatively evaluate which of these effects is more significant, we under- 
took a sensitivity analysis for exogenous changes of labor supply. Table 7.5 pres- 
ents the simulation results. In the move from Case A (progressive taxation) to 
Case B (proportional taxation), labor supply is constant (306.2) in our model. 
To allow for the incentive effect on labor supply by the shift from progressivity 
to proportionality, we raise labor supply exogenously. 

First, aggregate consumption is 279.6 in Case A, and it is 278.3 in Case B. In 
order to make up this gap, an increase in labor supply is necessary in Case B. 
When labor supply exogenously increases to 312.2 (this case is labeled Case B- 
1), aggregate consumption is 279.6 that is the same as in Case A. In other words, 
if labor supply increases by 1.96% in the transfer to proportional taxation. Cases 
B-1 and A have the same level of aggregate consumption. In Case B-1, social 
welfare improves slightly (from -2.807) to -2.758. This result may suggest that 
the main difference in social welfare between Cases A and B is related to the 
property of the social welfare function. 

Second, social welfare is -2.313 in Case A, and it is -2.807 in Case B. In order 
to cover this disparity, an increase in labor supply is required in Case B. When 
labor supply exogenously increases to 386.9 (this case is labeled Case B-2), social 



Table 7.5. Simulation results for exogenous changes in labor supply 



Case 


Labor 

supply 


Total 

consumption 


Social 

welfare 


K/L 


Interest 

rate 


Wage 

rate 


Tax rate on 
consumption 


B-1 


312.2 


279.6 


-2.758 


2.768 


0.0447 


0.9768 


0.0492 


B-2 


386.9 


293.3 


-2.313 


2.555 


0.0504 


0.9618 


0.0403 
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Assets 




welfare is -2.313 that is the same as in Case A. In other words, if labor supply 
increases by 26.4% in the transfer to proportional taxation, Cases B-2 and A have 
the same level of social welfare. Without this substantial increase in labor supply, 
the shift to flat taxation would deteriorate social welfare. 

Appendix 7.F 

Although our model assumes a constant variance in within-cohort distribution 
of earnings ability throughout an entire lifetime, it, in reality, increases gradually 
with age. If the increasing variance with age were introduced into a model, how 
would the simulation results be different? In this appendix, we incorporate an 
increase in within-cohort inequality with age. The simulation analysis was imple- 
mented using a model with two representative households corresponding to the 
low and high-income classes. For example, in Creedy (1992) the growing variance 
of within-cohort earnings distribution is approximated by an increasing linear 
function of age. 

The weights given to the average age profile of earnings ability, for the low 
and high-income classes are represented respectively by 

= l~IJs and =l-\- jus, 

where ji represents the variance parameter, x^e^ and x^e^ are the age profiles of 
earnings ability for the low and high-income classes, respectively. In the simula- 
tion, jU is set to 0.0125. x^ and x^ are 0.9875 and 1.0125, respectively, at the initial 
point ^ = 1. The gap widens gradually with age (x‘ = 0.5 and x^ = 1.5 at the ter- 
minal point s = 40). This disparity is estimated by the age profiles of earnings 
ability based on educational backgrounds in Fig. 3.4. Thus, for the low-income 
class the slope of the age profile of earnings ability is gentle, while it is steeper 
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for the high-income class. We undertook a simulation analysis using the model 
revised above. 

The shape of the age profile of earnings ability differs between the low and 
high-income classes. On the other hand, the shape of the age profile of con- 
sumption is the same between the two classes, as shown in Eq. 7.7. Only the level 
of consumption differs between them. Figure 7.1 suggests that the shape of the 
age profile of assets differs between the low and high-income classes. The low- 
income class borrows less during the young period, which reflects the gentle slope 
of the age profile of earnings ability. Typical examples for this case are blue-collar 
workers such as junior high school graduates in a small or medium-sized enter- 
prise. The high-income class borrows more during youth, which reflects the sharp 
slope of the age profile. Typical examples for this type are white-collar university 
graduates in a large firm. 




8. Within-Cohort Inequality and Tax 
Reforms in an Aging Japan* 



This chapter takes account of within-cohort inequality that increases in a transi- 
tion to an aging society. The simulation model employed in this chapter is 
basically the same as that in Chap. 7. This chapter demonstrates the general equi- 
librium effects of an increasing variance in the lifetime income distribution with 
an aging Japanese population. It also studies the macroeconomic and welfare 
effects of introducing progressive expenditure taxation in this situation. 



8.1 Introduction 

Ohtake and Saito (1998) reported that younger generations have recently tended 
to face a high consumption inequality from the start of their life cycle in Japan, 
because within-cohort inequality may be transmitted from older generations to 
younger ones through intergenerational transfers. We focus on this fact, and 
investigate the effects of an increase of within-cohort inequality on the macro- 
economic and welfare effects during rapid aging of the Japanese population.^ 
Because a life-cycle general equilibrium model is suitable as a basic theoretical 
framework to examine the impacts of demographic changes on various social and 
economic variables, this model is employed to analyze the above problem. 



*An earlier version of this chapter was presented at the International Forum on Tax 
Reforms in Japan organized by the Economic and Social Research Institute (ESRI) at 
the Cabinet Office (Government of Japan) in September 2002 (Okamoto 2002). The 
author is grateful for insightful comments and suggestions by Professors Alan J. 
Auerbach (The University of California, Berkeley), Laurence J. Kotlikoff (Boston Uni- 
versity), David E. Weinstein (Columbia University), Anil Kashyap (The University of 
Chicago), Koichi Hamada (Yale University), Toshihiro Ihori (The University of Tokyo), 
and Toshiyuki Uemura (Toyo University). The author acknowledges the financial 
support from the Ministry of Education, Culture, Sports, Science and Technology in 
Japan (Grant-in- Aid for Encouragement of Young Scientists No.l3730064). 

^Ohtake and Saito (1998) suggested that half of the rapid increase in economy- wide 
consumption inequality during the 1980s was caused by population aging, while one third 
was due to the increasing cohort effect. It should be noted that our analysis does not 
focus on the former but rather on the latter. 
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The purpose of this chapter is to establish guidelines for structural tax reforms, 
in an aging Japan where within-cohort inequality of consumption would increase. 
The chapter quantitatively explores the effects of a progressive expenditure tax 
on capital accumulation as well as intragenerational income redistribution. 

This chapter makes a significant contribution to the literature by incorporat- 
ing the continuous distribution of income or consumption in each cohort. When 
the logarithm of labor income follows a normal distribution, a simulation can 
easily deal with diverse abilities of labor supply. This novel idea represents a sub- 
stantial improvement over not only the existing studies that have assumed a rep- 
resentative agent but also over those with several representative individuals. 

Because the variance of the distribution is explicitly incorporated, this ap- 
proach can handle the effects of changes in the dispersion on efficiency and 
equity. We allow for intragenerational disparity in labor endowments and the 
relative position of each individual, corresponding to the reality in Japan. This 
is achieved by the estimation of the density function of earnings ability using 
empirical data. The introduction of the within-cohort continuous distribution 
to the social welfare function permits us to analyze the effects of tax reforms 
on overall economic welfare in a model with a greater similarity to the real 
world. 

This chapter is organized as follows: Sect. 8.2 identifies the basic model 
employed in simulation analysis. Section 8.3 explains the method of simulation 
analysis and the assumptions adopted. Section 8.4 evaluates the simulation find- 
ings and discusses their interpretation. Section 8.5 summarizes and concludes the 
chapter. 



8.2 Theoretical Framework 

We calibrate the simulation of the Japanese economy by employing population 
data estimated by the Institute of Population Problems of the Ministry of Health 
and Welfare in 1997. The model has 75 different overlapping generations. Three 
types of agents are considered: households, firms, and the government. Because 
the basic model in this chapter is the same as in Chap. 7, see Sect. 7.2 for detailed 
explanation. The basic structure of households is as follows. 

8.2.1 Household Behavior 

The distribution of households’ labor endowments is approximated by a lognor- 
mal distribution. The age profile of earnings ability for each household is repre- 
sented by X6s. Its average value is equal to the profile of an average 
wageworker.^ The weight factor x has a lognormal distribution, the density func- 
tion of which is given by 



^ See footnote 2 to Chap. 5 for the estimation of the age profile of earnings ability, Cs. 
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f(x) = 



xctV^ 



exp 






(0 < X < oo), 



( 8 . 1 ) 



where the mean is equal to unity and the variance is exp(cr^) - 1. Let be 
the conditional probability that a household of age j + 20 lives to age 7 + 21. 
Then the probability of a household of age 21 surviving until s + 20 can be 
expressed by 

5-1 

Ps^Tl^hm- (8.2) 

7=1 

The probability qj+i\j is calculated from data estimated in 1997 by the Institute of 
Population Problems of the Ministry of Health and Welfare. 

The utility function of a representative household with jc-weighted labor 
endowments, the form of which is assumed to be time-separable, is 

U(x) = f^Psil + {C, (;c)}'T , (8.3) 

7 

where represents consumption (or expenditure) at age 5 + 20, 5 the adjust- 
ment coefficient for discounting the future, and 7 the intertemporal elasticity of 
substitution on consumption. 

The flow budget constraint equation of each household at age 5* + 20 is 

^5+1 (x) = {1 + r{l - Tr )}As (x) + {1 - Th, {wxe , ) - Tp }wxcs + b, (x) + a, (x) 

-[l + T,{C,(x)}]C,(x), (8.4) 

where As(x) represents the amount of assets held by the household at the begin- 
ning of age 5- + 20, r the interest rate, w the wage rate per efficiency unit of labor. 
wxCs is regarded as the gross wage rate for the household. bs(x) is the amount of 
public pension benefit, and as(x) is the amount of bequest to be inherited at age 
5- + 20. x^{wx6s) is the tax rate on labor income, Tc{Cs(x)] that on consumption, 
that on interest income, and Tp is the contribution rate to the public pension 
program. 

Progressive taxation is introduced for the gross wage rate or the level of expen- 
diture on an annual basis. The symbols r,^(wxes) and Tc[Cs(x)} in Eq. 8.4 mean that 
Th, and Tc are functions of wxCs and C(x), respectively. Interest income is taxed 
proportionally. Variables related to the public pension system are represented by 

(bAx) = 9H(x) (s>ST) 

U,(x) = 0 (s<ST)' 

where the age at which each household starts to receive public pension benefits 

f 1 ^ 

is ST + 20, the average annual remuneration is H{x)\ L and the 

V RE ) 

replacement ratio is 9. 
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Let BQt{x) be the sum of bequests inherited by 50-year-old households with 
jc-weighted labor endowments at period t, and then « 3 o(x) is defined by 



«3oW = 



BQ^{x) 

NtPyoiX + n) 



( 8 . 6 ) 



where 



BQ,{x) = N,%{p, 






Nt is the number of new households entering the economy as decision-making 
units at period t, and n is the common growth rate of successive cohorts. 

Let us consider the case in which each household maximizes its lifetime utility 
under a constraint. Each household maximizes Eq. 8.3 subject to Eq. 8.4 (see 
Appendix 8.A). From the utility maximization problem for each household, the 
equation expressing evolution of consumption over time is characterized by 







l + r(l- T,) 
1 + 5 



<1+ T(.{Cs+i(jc)} J_ 



C,(a:). 



(8.7) 



If the initial consumption level, Ci(x), is specified, optimal consumption behav- 
ior of all ages is derived from Eq. 8.7. The amount of assets held by the house- 
hold at each age is calculated from Eq. 8.4. The expected lifetime utility of the 
household is obtained from Eq. 8.3. 

The social welfare function, SW, which takes account of the difference of earn- 
ings ability and thus the resulting distribution of consumption, is given by 

SW = f(x)U{x)dx. (8.8) 

This function is derived from a summation of the expected lifetime utilities at 
age 21 for all households within a cohort. 

With regard to the basic structure of firms, a single production sector is 
assumed to behave competitively using capital and labor, subject to a constant- 
returns-to-scale production function. See Appendix 8.B for the basic structures 
of firms and the government, and market equilibrium conditions. 



8.3 Simulation Analysis 
8.3.1 Method of Simulation 

The parameter values, a and p, which denote tax progressivity on labor income 
or consumption (i.e., expenditure), are exogenously given. Thus, tax revenue neu- 
trality makes the tax rate on interest income (r^) endogenous. With regard to the 
public pension system, the replacement ratio (0) is exogenously given. Therefore, 
the contribution rate (r^) is made endogenous. 
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Table 8.1. Parameter values that characterize the two steady states 



Parameter 


Current steady state 
(Case A) 


Aged steady state 
(Cases B, C, and D) 


Survival probabilities (ps) 


2000 


2025 


Growth rate of successive cohorts {n) 


0.01056 


-0.00515 


New entrants in period t (A,) 


1.5 


0.9154 


Labor supply {Li) 


143.92 


124.57 


Contribution rate (t^) 


0.1735 


0.3079 



8.3.2 Simulations in Various Cases 

We consider two demographic regimes, namely, the 2000 current steady state and 
the 2025 aged steady state. Case A is the current benchmark of 2000. Case B is 
the benchmark of an aged Japan projected for 2025. Cases A and B differ in 
population structure. Different survival probabilities (ps) and different growth 
rates of successive cohorts (n) create different age structures of the population 
between the two demographic regimes (see Table 8.1 for the parameter values 
that characterize the two steady states). In an aged steady state, Japan faces a 
decline in the proportion of working population, with a subsequent decrease in 
aggregate output hence, it raises the ratio of the total tax revenue to 
aggregate output (Y^), which represents a substantial increase in tax burden in 
an aging society. Under revenue neutrality, a consumption tax covers this extra 
tax burden caused by the transition from the current state to the aged steady 
state.^ 

We focus mainly on the aged steady-state simulations with the age structure 
projected for 2025, because we are interested in how tax reforms will affect the 
Japanese economy in the future. We investigate the general equilibrium effects 
of intragenerational inequality (see Appendix 7.B for the effects of changes in 
inequality on the economy). The Case-B simulations have the same value of vari- 
ance in within-cohort lifetime income distribution as that in the current bench- 
mark Case A (i.e., o = 0.635). The Case-C and Case-D simulations have larger 
variances: the standard deviation, cr, is expanded to 0.65 and 0.67, respectively."^ 
Under progressive taxation, a rise in the variance increases the tax revenue. In 
Cases C and D, the increased tax revenue from labor income is offset by a 
decrease in the revenue-neutral tax rate on consumption. 



^ In order to ascertain the clear effects of tax reforms, tax revenue neutrality is assumed 
in all the simulation cases. The total tax revenue {T^ is kept identical in all cases in the 
method that follows. New entrants in period t {N) are chosen so that the overall number 
of households is the same between the current and aged steady states. Therefore, the size 
of population is the same across all cases. Because the government expenditure per 
household is exogenously given and constant across all cases, the total tax revenue (Ti) 
is also constant. 

"^In the simulation, we arbitrarily assign the parameter values of an increased variance in 
the within-cohort inequality. If the estimated values on an empirical basis are available, 
then we should, of course, employ these values. 
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Table 8.2. The 2000 current benchmark Case A and the 2025 aged state Cases B, C, 
and D 





Case A 
(Current state 
benchmark) 


Case B 
(Aged state 
benchmark) 


Case C 


Case D 


Standard deviation (<r) 


*0.635 


*0.635 


*0.65 


*0.67 


Tax rate on labor 


(« = -0.00176 


(a = -0.00176 


(« = -0.00176 


[« = -0.00176 


income (Tw{wxes)) 


*1/3 = 0.02485 


*1/3 = 0.02485 


*1/3 = 0.02485 


*1j8 = 0.02485 


Tax rate on 


f a = 0.05 


fOC = 0.06761 


( a = 0.06658 


IOC = 0.06513 


expenditure 


i/3=0 


Ap = o 


*1/3 = 0 


*b=o 


(Tc(C(Ar)l) 


Tax rate on interest 


0.2000 


0.2000 


0.2000 


0.2000 


income (T;.) 


Capital-labor ratio 


3.007 


2.915 


2.906 


2.894 


(K/L) 


Income-labor ratio 


1.120 


1.116 


1.116 


1.115 


(Y/L) 


Capital-income ratio 


2.685 


2.611 


2.604 


2.594 


(K/Y) 


Interest rate (r) 


0.0399 


0.0418 


0.0420 


0.0423 


Wage rate (w) 


1.0000 


0.9944 


0.9939 


0.9931 


Total capital (Kt) 


432.75 


363.09 


361.98 


360.45 


Social welfare (SW) 


-72.12 


-141.57 


-170.33 


-219.40 


Tax revenue from 


8.398 


7.456 


7.596 


7.793 


labor income (Xt) 



Asterisks (*) before the rate indicate that the variable is exogenous 



The following seven simulation cases are now considered (see Tables 8.2 and 
8.3 for the simulation cases and empirical results). 

1. Case A (Benchmark of the 2000 current state) 

The standard deviation of the within-cohort distribution of earnings ability is 
set to an estimated value of 0.635. The tax system on labor income has a real- 
istic progressiveness (see Appendix 8.C for the assignment of tax progressiv- 
ity parameters, a and /J, and for the estimation of the standard deviation, <j). 
Tax rates on consumption and interest income are 5% and 20%, respectively. 

2. Case B (Benchmark of the 2025 aged state) 

The standard deviation of the income distribution is the same as Case A. The 
degree of tax progressivity on labor income and the tax rate on interest income 
are the same as those in Case A. The extra tax burden, caused by a transition 
to an aged society, is covered by a consumption tax. 

3. Cases C and D (Large variance cases) 

In Case B, the standard deviation is increased to 0.65 and 0.67: these cases are 
labeled as Cases C and D, respectively. An increase in the tax revenue from 
labor income is offset by a decrease in the revenue-neutral tax rate on 
consumption. 
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Table 8.3. Empirical results caused by the introduction of a progressive expenditure tax 



in the 2025 aged steady state 





Case B-1 


Case C-1 


Case D-1 




(Progressive 


(Progressive 


(Progressive 




expenditure tax) 


expenditure tax) 


expenditure tax) 


Standard deviation (cr) 


*0.635 


*0.65 


*0.67 


Tax rate on labor income {T^{wxes)) 






J« = 0 




1^=0 


lj8 = 0 


\p = 0 


Tax rate on expenditure (Tc{C(x)1) 










1)8 = 0.11554 


1)3=0.11490 


1)8=0.11416 


Tax rate on interest income (t^) 


0.0000 


0.0000 


0.0000 


Capital-labor ratio {KIL) 


4.262 


4.256 


4.247 


Income-labor ratio (YIL) 


1.158 


1.158 


1.158 


Capital-income ratio (KIY) 


3.679 


3.674 


3.668 


Interest rate (r) 


0.0236 


0.0237 


0.0237 


Wage rate (iv) 


1.0578 


1.0576 


1.0573 


Total capital (K) 


530.87 


530.15 


529.10 


Social welfare {SW) 


-98.77 


-118.30 


-151.17 



Asterisks (*) before the rate indicate that the variable is exogenous 



4. Cases B-1, C-1, and D-1 (Progressive expenditure tax) 

In Cases B, C, and D, a progressive expenditure tax covers the overall tax 
revenue: these cases are labeled as B-1, C-1, and D-1, respectively. The degree 
of tax progressivity on expenditure is determined as follows: the parameter 
value of a (i.e., a constant part) is set to zero; the parameter value of j8 (i.e., 
a coefficient to a level of expenditure) is adjusted under tax revenue neutral- 
ity. Labor income and interest income are not taxed.^ 

8.3.3 Specification of Parameters 

This chapter examines the implications of alternative tax policies for an aging 
Japanese economy, through comparing steady states. Hence, we choose parame- 
ter values that are realistic for the economy. As a result, the economic variables 
in the benchmark Case A, such as the ratio of capital to income (K/Y) or that of 
capital to labor (K/L), are close to the values that are suggested by the Annual 
Report on National Accounts (Kokumin Keizai Keisan Nenpo) 2000, Economic 
Planning Agency, Japan (2000) (see Table 8.4 for the parameter values used in 
the simulation). 

Survival probabilities (ps) are calculated from the Population Projections for 
Japan 1996-2100, a 1997 publication by the Institute of Population Problems of 



^ Interest income is not taxed in the simulation. This is because we explore an optimum 
tax regime that provides for the substantial promotion of capital accumulation. Because 
the tax exemption of interest income encourages savings, capital formation will be stim- 
ulated through not only the introduction of progressive expenditure taxation but also the 
exemption itself 
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Table 8.4. Parameter values used in simulation analysis 



Parameter description 


Parameter values 


Adjustment coefficient for discounting the future 


5= -0.022 


Intertemporal elasticity of substitution 


II 

o 


Elasticity of substitution in production 


p = 0.6 


Weight parameter in production 


£ = 0.2 


Scale parameter in production 


B = 0.94991 


Government expenditure per generation 


g = 0.27989 


Retirement age 




Starting age for receiving public pension benefits 


5T=45 


Replacement ratio of public pension 


61=0.55086 



the Ministry of Health and Welfare. Our model makes no sex distinction, and 
thus this study uses the male-female average values for 2000 and 2025. Based on 
the above data, the percentages of aged population (65 or above) in the total 
population (21 or above) in 2000 and 2025 are 22.04% and 33.86%, respectively. 
Common growth rates of successive cohorts {n) are chosen so that the percent- 
ages in the simulation equal the estimated values. 

With regard to the public pension system, the replacement ratio of pension 
payments (0) in Case A is adjusted so that the contribution rate (r^) equals the 
actual value of 17.35% in employee pension plans (Kosei Nenkin) in 2000. 

See Appendix 8.C for the method of assigning the weight given to each house- 
hold’s labor endowments. 

8.4 Simulation Results 

According to Ohtake and Saito (1998), younger generations face a high con- 
sumption inequality from the start of their life cycle: this finding suggests that 
within-cohort inequality may be transmitted from older generations to younger 
ones through intergenerational transfers. We investigate the general equilibrium 
effects of the introduction of a progressive expenditure tax, taking account of a 
situation where within-cohort inequality increases. 

The main focus of the discussion below are aged-state simulations in 2025, 
because we are interested in how tax reforms will affect the Japanese economy 
in the future. See Tables 8.2 and 8.3 for the simulation results in the current and 
aged steady states. In this chapter, the influence on capital accumulation is 
regarded as an indicator of efficiency. The reason is that under the assumption of 
an inelastic labor supply, the level of the total output depends solely on the level 
of capital stock, as indicated by Eq. 8.9. The social welfare function represented 
by Eq. 8.8 is dependent on the aspects of both efficiency and equity.^ 



^The weights attached to efficiency and equity are given in the model. To rigorously 
examine the degree of equity, it is necessary to employ some measures of inequality such 
as the Gini coefficient. 
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8.4.1 Findings and Their Interpretation 

1. Same variance cases (cr= 0.635): Cases B and B-1 

Cases B (the aged-state benchmark) and B-1 in 2025 have the same dispersion 
in within-cohort distribution of earnings ability as the 2000 current benchmark 
Case A. In Case B, a consumption tax covers the extra tax burden accompany- 
ing a transition to an aging society. As a result, the tax rate on consumption 
increases to 6.761%. By the move from Case A to B, the K/L ratio diminishes 
from 3.007 to 2.915 and the wage rate decreases from 1 to 0.9944. Thus, the level 
of social welfare deteriorates from -72.12 to -141.57. Capital accumulation is 
lower in aged-state cases than in current-state cases for two possible reasons: one 
is that in an aged society, there are many cohorts that dissave their assets based 
on their life-cycle motive; the other is that the payroll tax (i.e., contribution rate) 
rises sharply from 17.35% to 30.79% (see Table 8.1). Therefore, tax policies that 
stimulate capital accumulation may be required in an aging society. 

In Case B-1, a progressive expenditure tax covers the total tax revenue. This 
case is one extreme example of tax policy to overcome serious damage to social 
welfare. By switching from Case B to B-1, the K/L ratio increases to 4.262, and 
the level of social welfare makes a substantial recovery to -98.77. Thus, Case B- 
1 may show the guidelines of structural tax reforms. 



2. Large variance cases (cr= 0.65): Cases C and C-1 

In the Case-C simulations, the variance of the within-cohort income distribution 
increases: in the transition from Cases-B to Cases-C, the standard deviation 
increases from 0.635 to 0.65. Under progressive taxation, this change generates 
an increase in tax revenue. Moving from Case B to C, the tax revenue from labor 
income rises from 7.456 to 7.596. Consequently, the revenue-neutral tax rate on 
consumption in Case C decreases to 6.658%. The level of social welfare of 
-170.33 in Case C is lower than -141.57 in Case B. 

Two possible reasons are as follows: the K/L ratio of 2.906 in Case C is lower 
than 2.915 in Case B. Therefore, aggregate consumption is lower in Case C than 
in Case B, which may explain a deterioration of social welfare in Case C. We 
employ the social welfare function represented by Eq. 8.8. This function is max- 
imized if all households have the same level of consumption. Within-cohort 
inequality of consumption is higher in Case C than in Case B, which may dimin- 
ish the social welfare level in Case C. 

In Case C-1 a progressive expenditure tax covers the overall tax revenue, which 
corresponds to Case B-1. The K/L ratio of 4.256 in Case C-1 is much higher than 
2.906 in Case C. Thus, the level of social welfare of -118.30 in Case C-1 is better 
than -170.33 in Case C. These results quantitatively show that even in a situation 
where within-cohort inequality will increase, introducing a progressive expendi- 
ture tax and setting an appropriate degree of tax progressivity may avoid a drastic 
deterioration of social welfare. 
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3. Larger variance cases (a= 0.67): Cases D and D-1 

Cases D and D-1 correspond to Cases C and C-1, respectively. The within-cohort 
inequality is higher in Cases-D than in Cases-C: the standard deviation in Cases- 
D increases to 0.67. By switching from Case C to D, the K/L ratio reduces from 
2.906 to 2.894 and the level of social welfare declines from -170.33 to -219.40. 
In Case D-1, the K/L ratio jumps up to 4.247 and the social welfare level rises to 
-151.17. Therefore, the level of social welfare is lower in Case D (D-1) than in 
Case C (C-1). The qualitative result is the same between Cases-D and Cases-C, 
but the quantitative gap, compared with Case B, is greater in Case D (D-1) than 
in Case C (C-1). 



8.4.2 Distortions of Progressive Expenditure Taxation on 
Individual Behavior 

Finally, we investigate distortions of progressive expenditure taxation on indi- 
vidual consumption-savings behavior. Because households that maximize their 
lifetime utility are unwilling to accept high tax rates, they make the level of 
consumption (or expenditure) in each age more equal over an entire lifetime 
under progressive expenditure taxation. Figure 8.1 shows that the slope of the 
age profile of consumption is gentler under progressive expenditure taxation 
(Case B-1) than under the aged-state benchmark Case B (see Chap. 4 for further 
details of this observation). 



Consumption 




Fig. 8.1. Age profiles of consumption for Cases B and B-1 
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8.5 Conclusions 

This chapter has quantitatively investigated the macroeconomic and welfare 
effects of introducing a progressive expenditure tax, in a situation of aging of the 
Japanese population. The chapter has simulated capital accumulation and social 
welfare, by taking account of the general equilibrium effects of the intragenera- 
tional inequality to predict the future aged society. 

Our simulation results show that in a situation where the within-cohort 
inequality increases, a shift to progressive expenditure taxation may substantially 
improve the expected lifetime utility by offsetting the negative effects of an aging 
population. We recommend a shift from progressive labor income taxation to 
progressive expenditure taxation, because this new type of tax schedule has two 
points of merit. 

One is that a shift to a consumption tax improves welfare by increasing the 
steady-state capital stock. In an aged society, there are many cohorts that dissave 
their assets based on a life-cycle motive, and the payroll tax (i.e., contribution 
rate) rises sharply, because the current Japanese public pension program is oper- 
ated in a manner that is similar to a pay-as-you-go scheme. Thus, tax policies that 
enhance capital accumulation are desirable in an aging Japan where the capital 
stock would decline. This new type of tax system is superior to other tax systems, 
especially with regard to capital accumulation. 

The other is that the tax progressivity on expenditure efficiently reduces the 
within-cohort dispersion of lifetime earnings, thus improving social welfare. 
Hence, we propose that income redistribution should be achieved by incorpo- 
rating progressivity into an expenditure tax. 

The simulation results suggest, quantitatively, some advantages of progressive 
expenditure taxation. We recommend a progressive expenditure tax as a desir- 
able tax regime in an aging Japan, in terms of efficiency and equity. 



Appendix 8.A 

To consider the utility maximization problem over time for each household, 
namely the maximization of Eq. 8.3 subject to Eq. 8.4, let the Lagrange function 
be 



75 

L{x) = U ( jt) + ^ a, ( ( j:) + {1 + r (1 - t, )}v4, (j:) + {1 - (wxe^ ) - Tp }wxe, 

+b, (x) + a, (jc) - (1 + Te {C, (jc)})Cj ( x)], 

where Xs(x) represents the Lagrange multiplier for Eq. 8.4. 

The first-order conditions for ^ = 1, 2, . . . , 75 can be expressed by 
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dL{x) 

dCXx) 






- X, (x)[l + T, {C, (x)}] = 0, 



dL{x) 

dAs+i{x) 



A, (x) + A,+i (x){l + r (1 - T, )} = 0. 



(8.A) 

(8.B) 



The combination of Eqs. 8.A and 8.B yields the equation that determines the 
slope of the age-consumption profile over the life cycle: 



Cj+i(x) 



+ l + Tc{C,(x)} "|T 

pJl 1 + 5 }[i + tAQAx)})\ 



(8.7) 



For a given Ci(jc), Eq. 8.7 solves the path for consumption. The transformation 
of Eq. 8.7 leads to the following expression: 




l + ^{Ci(x)} 

l+T,{Cj(x)} 



l + rjl-tr) 

1 + 5 



(8.7) 



Integrating Eq. 8.4 and using the initial and terminal conditions, A i(x) =Aje(x) 
= 0, caused by no intended bequests, produces the following equation: 

^ {1 + r(l - Tr )}’*'”'* [1 + Tc {C, (x)}]C, (x) 

X=1 

RE 

= X {1 + '■(1 “ )}'**"'^ [l-t„ (wxes ) - Tp ]wxe, 

s=\ 

+ I; {1 + r(l - t .)}-*^-” 6 ,( x )+{1 + r(l - 

s=ST 



To derive Ci(x), Eq. 8.7' is substituted into this lifetime budget constraint. Thus, 
we can find an optimum solution for Ci(jc). 



Appendix 8.B 

Section 8.2 describes the basic structure of households in the simulation model. 
This appendix presents those of firms and the government, and market equilib- 
rium conditions. 

Firm Behavior 

The production function is assumed to be of the constant elasticity of substitu- 
tion form: 




Appendix 8.B 147 



Y,=B\ 




+ {l-e)L, 



1 -- 

P 



(8.9) 



where Yt represents the total output, Kt the total capital, Lt the total labor supply 
measured by the efficiency units, B a scaling constant, e a parameter measuring 
the intensity of use of capital in production, and p the elasticity of substitution 
between Kt and Lt, Using the property subject to a constant-returns-to-scale pro- 
duction function, we can obtain the following equation: 

Yt=rKt+wLt. ( 8 . 10 ) 



Government Behavior 

The budget constraint of the narrower government sector at time t is given by 

Gt=Tt, ( 8 . 11 ) 

where Gt is government spending on goods and services in year t, and Tt is the 
overall tax revenue from labor income, interest income, and consumption. With 
regard to the pension system, a simple pay-as-you-go scheme is assumed. The 
budget constraint of the pension sector at time t is represented by 

Rt=Bt, ( 8 . 12 ) 



where Rt is the total contribution to the public pension scheme, and Bt is the total 
public pension benefit to generations of age 5T + 20 and above. 

Gt, Tt, Rt, and Bt are defined by 





G,=N,Y^pAl + nf'~'^g, 

5=1 


(8.13) 




Tt = TTit vTCt vx t-TAStt 


(8.14) 




R,=TpWL,, 


(8.15) 




B,=N,'^ /7j(l + n)”**”‘’J f{x)b,(x)dx, 

s=ST ^ 


(8.16) 


where g denotes the government expenditure per generation, TLt and TCt are 
tax revenue from labor income and consumption, respectively, and ASt is the 
aggregate assets supplied by households. 

Because labor income or expenditure (i.e., consumption) is taxed progressively, 
we get 


II 


RE ( ^ ^ RE - 

Ps (1 + n)' 6s+-w^P exp(cT^ )^ p, (1 + «)“ *“^ e? 

5=1 ^ 5=1 


, (8.17) 






a{Cs{x)} + ^P{Cs{x)f 



\dx. 



(8.18) 
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See Appendix 7.B for further details of Eqs. 8.17 and 8.18. ASt is characterized 
by 

AS, = N,^P2{1 + f{x)A 2 (x)dx + (1 + n)'^ fMA^ (x)dx + ••• 

+ P75(1 + fix)A2six)dx^. (8.19) 



Market Equilibrium 

Finally, equilibrium conditions for the capital, labor, and goods markets are 
described. 

7. Equilibrium condition for the capital market 

ASt=Kt. ( 8 . 20 ) 

2. Equilibrium condition for the labor market 

RE 

+ ( 8 . 21 ) 

5=1 

3. Equilibrium condition for the goods market 

Y, =AC,-v{K,n-Kt) + Gt. (8.22) 

where ACt denotes aggregate consumption that is represented by 

AC, =N, f{x)Ci (x)dx + P 2 (1 + «)"’ f{x)C 2 {x)dx + ••• 

+ /?75(l + n)’’^£ f{x)Cjs(x)dx^. 

An iterative program is performed to obtain the equilibrium values of the above 
equations (see Appendix 7.C for the computation process). 



Appendix 8.C 

Table 8.5 shows data that include all ranges of individual income taxes, obtained 
by combining data for income tax collected at the tax office and data for self- 
assessed income tax. These data are based on the Statistical Year Book of National 
Taxes (Kokuzeicho Tokei-Nenposho) 1998, National Tax Administration Agency, 
Japan (2000). We explain the methods of assigning the weight given to labor 
endowments for each income class, the degree of tax progressivity on labor 
income, and the variance of the lifetime earnings-ability distribution. 

We first explain how the weight x given to labor endowments for each house- 
hold (which is described in Sect. 8.2) is assigned. Table 8.5 presents the propor- 
tion of each income class and each amount of income. The weight x is defined as 
the ratio of annual income of each income class to average annual income (which 




Table 8.5. Income distribution and taxes on households 
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Source: Statistical Year Book of National Taxes 1998, National Tax Administration Agency, Japan (2000) 
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is approximately 4.87 million yen). The weight x theoretically has values between 
zero and oo. Our simulation, however, assumes the value to be between zero and 
4.8 (this range covers 99.7% of all households) for the following reason: with 
regard to the high-income class whose weight x is so large, tax rates are too high 
under progressive taxation as in our model. 

Second, the method of assigning the parameters that determine the degree of 
tax progressivity on labor income in the current benchmark Case A is described. 
Under the ordinary least squares (OLS) method, the parameters, a and /?, should 
have been estimated using the tax rate on labor income as a dependent 
(explained) variable and \wxe as an independent (explanatory) variable. (Here, 
e denotes the average value of which takes account of both the common growth 
rate of successive cohorts {n) and survival probabilities (ps) in 2000.) However, 
adequate data for this estimation are not presently available in Japan. 

Hence, the estimation of the parameters in Case A is undertaken as a second- 
best means in the order that follows. First, the parameter of the constant part, a, 
is estimated by the OLS method, using the average tax rate on income as a 
dependent variable and jwxe as an independent variable. Here, w is assigned to 
unity, and x is an average value for each income class presented by Table 8.5. 
Thus, we obtain -0.001762 as an estimated value of a. Next, given this value, the 
parameter of the proportional part, j8, is chosen so that the average tax rate on 
labor income in Case A is 5.93%, which is calculated from the above data. 

Finally, the means of assigning the variance of the earnings-ability distribution 
within a cohort is explained. The method of estimating the standard deviation 
in the density function denoted by Eq. 8.1 is described. The OLS method is 
employed to estimate standard deviation, a It is estimated by minimizing the 
sum of squared differences between the observed and predicted probabilities: 

i^l 

where / (= 1, 2, . . . , 11) represents a bracket of each income class indicated by 
Table 8.5, is the number of observations in the i-th interval when the total 
number of people is normalized to unity, and Pi(G) is the theoretical probability 
of people in the same interval. Supposing that a is the parameter of the theo- 
retical distribution specified, then F-((t) is defined by 

/^(<t)= r f{x\a)dx, 

where Xi shows the upper end of the bracket of income class /, and f{x\ a) is the 
density function. Thus, we get 0.635 as an estimated value of a. For reference, the 
estimated value in Atoda et al. (1988) is 0.659. 




9. Summary and Conclusions 



This chapter provides a summary of the entire book, and individual summaries 
for the findings and conclusions of Chaps. 2-8. It also conveys the reservations 
in our simulation analysis, and describes the challenging tasks for future research. 



9.1 General Summary 

This book has investigated the macroeconomic and welfare effects of structural 
tax and public pension reforms in Japan, a society with an aging population. A 
life-cycle general equilibrium simulation model developed by Auerbach and Kot- 
likoff (1983a) was employed to take account of the rapidly aging Japanese pop- 
ulation. This book has also compared various alternative tax regimes in terms of 
efficiency and equity to explore an optimum tax policy. 

The simulation results in this book suggest that capital stock will decline with 
an aging population. Two possible reasons are as follows: the first is that in an 
aging society, there are many cohorts that dissave their assets based on a 
life-cycle motive; the second is that payroll tax (i.e., contribution rate) 
rises sharply. The results also show that progressive expenditure taxation stimu- 
lates much more capital accumulation than progressive labor income taxation. 
Therefore, it is ultimately desirable to shift from progressive labor income taxa- 
tion to progressive expenditure taxation. The switchover from an income-based 
to a consumption-based tax system should be executed gradually in an aging 
Japan. When progressive expenditure taxation is adopted as the nucleus tax 
regime, its combination with an inheritance tax is preferable in terms of efficiency 
and equity. 

With regard to the structural reforms in the current Japanese system, the con- 
tributions to the public pension scheme in a pay-as-you-go system should be 
replaced by general taxes, in particular by progressive expenditure taxation. Such 
possible integration of tax and social security systems is desirable in terms of effi- 
ciency and equity. We should promote the partial integration of tax and public 
pension systems as a transition process, substitute a consumption tax for the con- 
tributions, and implement a gradual shift toward perfect integration. Therefore, 
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we recommend the introduction of progressive expenditure taxation with the 
complete integration of tax and public pension systems. 



9.2 Individual Summaries for Chapters 2-8 

Chapter 2 investigated the relative efficiency of three alternative tax regimes, 
namely, a labor income tax, an interest income tax, and a consumption tax. 
Chapter 2 also demonstrated the effects of an interest income tax on household 
behavior and capital formation. The simulation results in Chap. 2 indicated that 
a consumption tax is the best method for enhancing capital accumulation, and 
that the negative effect of an interest income tax on capital formation is sub- 
stantial. The simulation results also suggested, quantitatively, that the taxation on 
interest income distorts the intertemporal consumption choice, by raising the 
price of future consumption relative to current consumption. Thus, this pro- 
motes the substitution of future consumption with current consumption in 
households. 

Chapter 3 examined the effects of progressive labor income taxation and pro- 
gressive consumption taxation on capital accumulation and intragenerational 
income redistribution in Japan, where the population is undergoing an aging 
trend. The simulation results showed that progressive taxes cause changes in the 
time path of taxation during an individual life-cycle and thus stimulate capital 
formation. In contrast to progressive labor income taxation, the introduction of 
progressive consumption taxation increases the assets of the high-income class. 

Chapter 4 investigated the quantitative effects of tax reform, from progressive 
labor income taxation to progressive expenditure taxation, on capital accumula- 
tion and intragenerational income redistribution. The simulation results sug- 
gested that progressive expenditure taxation stimulates much more capital 
formation than progressive labor income taxation. Given that the age profile of 
consumption has an upward slope, progressive expenditure taxation distorts indi- 
vidual behavior by raising the price of future consumption relative to current 
consumption. Nevertheless, the simulation results suggested that household 
behavior is less distorted under progressive expenditure taxation than under pro- 
gressive labor income taxation. 

Chapter 5 incorporated an inheritance tax into the simulation model, and 
explored an optimum “tax-mix” policy in an aging Japan. The simulation results 
suggested that the Japanese tax system should rely more on an inheritance tax 
regime, because it will substantially stimulate capital formation and reduce the 
inequality of income distribution caused by bequests. The simulation results also 
showed that when progressive expenditure taxation is adopted as the nucleus tax 
regime, its combination with an inheritance tax is preferable. 

Chapter 6 explored guidelines for structural reforms of tax and social security 
systems in an aging Japan. The simulation model employed in Chap. 6 incorpo- 
rates the basic pension into the public pension program. The simulation results 
showed that the contributions to the public pension scheme in a pay-as-you-go 
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system should be replaced by general taxes, in particular by progressive expen- 
diture taxation. Such possible integration of tax and social security systems is 
desirable in terms of efficiency and equity. Therefore, we recommend the intro- 
duction of progressive expenditure taxation with the complete integration of tax 
and social security systems in an aging Japan. 

Chapter 7 examined the general equilibrium effects of changes in the variance 
of income distribution on capital accumulation and social welfare in an aging 
Japan. The simulation results suggested that only under progressive taxation do 
changes in its variance affect aggregate economic variables; under proportional 
taxation, the changes have no influence on aggregate variables. The simulation 
results also showed that social welfare substantially increases as the variance 
shrinks, and thus the recent tendency in Japan toward flattening the progressive 
taxation system may result in significant damage to social welfare. 

Finally, Chap. 8 studied the macroeconomic and welfare effects of introducing 
progressive expenditure taxation in an aging Japan. The simulation in Chap. 8 
took account of the general equilibrium effects of intragenerational inequality, 
which increases with a transition to an aging society. The simulation results sug- 
gested that progressive expenditure taxation has advantages over progressive 
labor income taxation on the grounds of efficiency and equity. The results indi- 
cate that a shift to progressive expenditure taxation can overcome the large 
welfare loss that would occur under the current Japanese tax system. 



9.3 Introduction of a Progressive Expenditure Tax 

The simulation results in this book quantitatively suggest that a progressive 
expenditure tax substantially stimulates capital accumulation, and efficiently 
reduces within-cohort income inequality. To introduce a progressive expenditure 
tax, it is necessary that the tax office can grasp the total amount of expenditure 
for each individual or household (see Chap. 4 for our proposal for actual imple- 
mentation of a progressive expenditure tax). At present, computer technology is 
making remarkably rapid progress and over time will be able to provide a better 
environment for the introduction of a progressive expenditure tax in Japan. Thus, 
the possibility of introducing the tax should steadily increase. 

The justification for introducing a taxpayer identification number system is 
presently being actively discussed in Japan. This system has already been adopted 
in the United States, Canada, and in Scandinavian countries. In this system, each 
taxpayer has an identification number (a tax number or a social security number) 
that enables a tax agency to monitor the total amounts of income and assets. Not 
only would this system help the introduction of a progressive expenditure tax, it 
is also necessary to efficiently and equitably provide public services for the 
elderly. Thus, it may not be long before a progressive expenditure tax is intro- 
duced in Japan. 

Nowadays, the number and variety of financial transactions that occur by 
Internet trading are progressing on a global scale. Hence, it is becoming more 
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and more difficult to precisely monitor personal income. Levying a tax on expen- 
diture, an ultimate purpose of economic activity, may solve this problem. Irre- 
spective of a means to earn income, a tax office may be able to collect taxes 
efficiently and equitably by taxation on expenditure. 

The amount of income of salaried workers can be precisely monitored by 
withholding tax at the income source. On the other hand, it is said that for 
self-employed persons or farm households, the ability to monitor income is sub- 
stantially lower because of tax payment by self-assessment. An expenditure tax 
is likely to mitigate this state of unfairness between workers of different fields. 
Moreover, the introduction of tax progressivity to the total amount of expendi- 
ture may be desirable in terms of equity, because the range of tax base of expen- 
diture would be wider than that of income. 

This book suggests that a progressive expenditure tax is ultimately an ideal tax 
regime in terms of efficiency and equity. However, a sudden move from the 
current Japanese tax system (that depends mainly on a progressive income tax) 
to a progressive expenditure tax, would generate a substantial transition cost. 
With regard to a short-term policy, we should rely more on a consumption tax as 
a transition process, and execute a gradual shift towards a progressive expendi- 
ture tax. 

The main purpose of this book is to let many academic researchers or policy 
makers aware of this new type of tax regime (i.e., a progressive expenditure tax) 
and its merits. We believe that even if a progressive expenditure tax is not actu- 
ally introduced in Japan, the policy implication obtained in this book will still be 
meaningful and effective. Even in the case of implementing structural reform 
along the lines of the current Japanese tax system, knowledge of this new type 
of tax schedule will prove to be useful. 

9.4 Reservations and Suggestions for Future Research 

The simulation results described in this book are dependent on the given param- 
eters. Hence, we must be careful about the effects of any parameter changes. In 
particular, a slight change in the parameter of intertemporal elasticity of sub- 
stitution, 7 , substantially affects capital formation (see Appendix 2.B for the 
sensitivity analysis). When interpreting the simulation results, we must take 
notice of the life-cycle growth model employed, and the given parameter values. 

This section presents the reservations of our simulation analyses, and lists chal- 
lenging tasks for future research. It is especially important to mention two aspects 
neglected in our life-cycle simulation model. The first is the disincentive effect of 
progressive taxation on labor supply, and the second is the matter of transitional 
effects due to policy switching. 



1. Progressivity and labor supply 

The life-cycle simulation model adopted in this book assumes an inelastic labor 
supply. Therefore, there is only a partial impact of progressive taxation and no 
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excess burden. An elastic labor supply needs to be introduced to analyze the 
effects of progressive taxation in a comprehensive way. The simulation results 
suggested that the higher the tax progressivity, the greater is the capital accu- 
mulation. Due to the assumption of an inelastic labor supply, an increase in pro- 
gressiveness can diminish the dispersion of after-tax income without reducing the 
labor supply. If labor supply is elastic, this disincentive effect of progressive tax- 
ation will be damaging to social welfare. However, this effect is not significant 
when comparing progressive labor income taxation and progressive expenditure 
taxation. 

In order to explain this, we mention the simulation results obtained by Auer- 
bach and Kotlikoff (1987) in which labor supply is assumed to be elastic, and 
compare our simulation results with those set out in that paper. Auerbach and 
Kotlikoff (1987) made two observations. First, with the move from proportion- 
ality to progressivity, the capital stock declines less under a consumption tax than 
under a labor income tax, which continues to leave the intertemporal consump- 
tion decision undistorted. Second, with the transfer from proportionality to pro- 
gressivity, the decrease in labor supply is less under a consumption tax than under 
a labor income tax. Hence, that study suggested that household behavior is less 
distorted under an expenditure (or consumption) tax than under a labor income 
tax, especially in the case of progressive taxation. 

Therefore, in our simulation, progressive labor income taxation has a signifi- 
cant advantage over progressive expenditure taxation, because our model 
assumes a completely inelastic labor supply. Nevertheless, our simulation results 
indicate that progressive expenditure taxation is superior to progressive labor 
income taxation in terms of efficiency and equity. This fact should be stressed 
when we recommend progressive expenditure taxation as a desirable tax 
regime. 

2. Limitations of steady state analyses 

Although we employed a life-cycle general equilibrium simulation model with 
overlapping generations, the simulations in this book are limited only to the 
steady states. The model takes account of the effects of demographics, by com- 
paring the two steady states, namely, current and aged. Thus, our study lacks the 
consideration of a transitional path. Tax and social security reforms have differ- 
ent effects on different generations. Specifically, current and future generations 
experience different impacts of these reforms. A transitional process from the 
current progressive labor income taxation to the progressive expenditure taxa- 
tion will generate intergenerational inequality. For example, the aged population 
group might bear an unfair tax burden, because they might have paid a large 
amount of income tax during their working period and have to pay a large 
amount of expenditure tax during their retirement period. 

Therefore, it is necessary to take account of not only steady states but also a 
transitional process in an aging society. The life-cycle simulation model is appro- 
priate as a basic theoretical framework to examine the problems caused by 
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demographic changes. In order to further display the advantages of the model, a 
transitional process should be investigated as the next step. 

3. Human capital investment 

Human capital has played a significant dual role in economic literature as a fun- 
damental source of aggregate growth, and as a factor to explain the observed 
profile of earnings, work time, and training over the life cycle. By extending the 
Auerbach-Kotlikoff simulation model, Arrau (1992) integrated the role of 
human capital as an engine of growth and as a determinant of life-cycle profiles 
of earnings and labor supply. Thus, human capital investment needs to be incor- 
porated into our life-cycle general equilibrium simulation model. 

4. Strategic bequest motives 

The model in this book deals only with the unintended bequests consistent with 
uncertainty regarding the length of individual life. Horioka et al. (2000) suggested 
that unintended bequests and strategic bequest motives make up the majority of 
bequests in Japan (see Chap. 1 for further details). Therefore, strategic bequest 
motives, which are one of the intended bequest motives, should also be included 
in the model. 

5. Public insurance on care for the elderly 

We have found that a life-cycle general equilibrium simulation model is useful 
to explore desirable tax and social security systems. Hence, we will continue to 
improve the model to provide a reasonably good description of the actual Japan- 
ese economy. There are only a few studies on care for the elderly in the public 
insurance system, because this new system has just come into effect from April 
2000. Because the system will hold an increasingly significant position in the 
social security system in an aging Japan, we will try to analyze care for the elderly 
in the public insurance system.^ 



‘ Ueda (2000) undertook an economic analysis of care for the elderly, using a life-cycle 
general equilibrium simulation model. 
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